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PREFACE. 


It  having  fallen  to  the  lot  of  the  writer,  as  a Chemical 
Expert,  to  attend  several  meetings  of  Railway  Goods 
Managers  at  the  Railway  Clearing-House,  in  London, 
to  assist  in  the  re-classification  of  explosives  and  other 
dangerous  goods  carried  by  Railway  Companies,  it 
occurred  to  him  that  a work  of  reference,  giving  in  a 
popular  form  particulars  as  to  the  nature  and  character 
of  such  materials,  and  information  bearing  on  the 
questions  of  their  storage  and  transport,  would  be 
found  of  value  by  goods  managers,  railway  agents, 
carriers,  and  indeed  all  persons  interested  in  the  use, 
storage,  and  transport  of  dangerous  goods. 

It  would  be  needless  to  comment  upon  the  numerous 
accidents,  many  of  them  fatal  in  effect,  and  often  result- 
ing in  the  destruction  of  valuable  property,  which  are 
recorded  as  occurring  through  ignorance  of  the  danger- 
ous nature  of  materials  handled  ; and  while  we  cannot 
all  be  chemists,  it  is  most  desirable  that  every  one 
responsible  for  the  handling  of  dangerous  goods  should 
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be  sufficiently  acquainted  with  their  characteristics  under 
the  conditions  met  with  in  daily  experience  to  enable 
them  to  avoid  unnecessary  risks  ; and  it  is  with  the 
object  of  rendering  assistance  in  this  direction  that  the 
present  volume  has  been  compiled.  Should  the  work 
be  found  to  answer  its  purpose,  those  who  use  it  will 
be  enabled  not  only  to  guard  against  injuries  to  life 
and  property,  but  to  protect  the  interests  of  the  firms 
or  companies  represented  by  them,  to  whose  custody 
dangerous  goods  are  proposed  to  be  committed.  In 
preparing  the  volume,  the  writer  has  received  much 
valuable  assistance  from  officials  of  the  Government  and 
of  various  Railway  Companies,  many  of  whom  have 
expressed  the  opinion  that  the  production  of  such  a 
work  would  meet  a long-felt  want. 

It  has  been  the  writer’s  aim  to  produce  a book  for 
the  purpose  in  such  a form  that  a reader  without  know- 
ledge of  chemistry  may  be  able  to  gain  from  its  pages 
the  requisite  information  ; and  he  trusts  the  work  may 
meet  with  the  approbation  of  those  actively  interested 
in  the  subject.  Any  suggestions  for  its  impiovement 
will  be  gladly  considered  by  him  when  a new  edition 
shall  be  in  preparation. 

Palace  Chambers, 

Westminster,  London,  S.W., 

October  1 895. 
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THE  HANDLING  OF 

DANGEROUS  GOODS. 


SECTION  I. 

ACIDS. 

ACETIC  ACID. 

Synonyms. — Methane  Carboxylic  Acid , Methylformic  Acid, 
Pyroligneous  Acid , White  Wine  Vinegar , Glacial  Acetic  Acid , 
Acidum  Aceticum , CAT  All- 

Source. — Pure  acetic  acid  is  prepared  by  distilling  five 
parts  by  weight  of  fused  sodium  acetate  with  six  parts  by  weight 
of  concentrated  sulphuric  acid,  bisulphate  of  soda  being  left  in 
the  retort.  It  is  also  obtained  in  the  destructive  distillation  of 
wood,  sawdust,  or  spent  dye  woods.  The  distillate,  containing 
besides  this  acid,  tarry  matters,  methyl  alcohol,  acetone,  &c., 
is  neutralised  with  carbonate  of  soda,  the  alcohol,  &c.,  is  dis- 
tilled off,  the  solution  evaporated,  and  the  residue  heated  to 
expel  tarry  substances,  and  the  resultant  crude  sodic  acetate  is 
distilled  with  sulphuric  acid,  when  crude  acetic  acid  is  produced. 

1 his  variety  is  known  as  pyroligneous  acid.  Acetic  acid  is  also 
prepared  by  the  oxidation  of  alcohol.  The  fermentation  of 
alcoholic  liquids,  such  as  wine,  beer,  &c.,  in  contact  with  air 
produces  the  various  vinegars  of  commerce.  Vinegar  contains 
on  an  average  about  5 per  cent,  of  acetic  acid.  Tip<nj  of 
sulphuric  acid  is  allowed  in  malt  vinegar  by  law,  with  the 
questionable  object  of  preventing  putrefaction. 

Characters. — Pure  acetic  acid  is,  at  temperatures  below 
6o°  F.,  a glass-like  crystalline  solid.  Above  this  temperature  it 
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is  a colourless  mobile  liquid.  This  concentrated  acid  is  known 
as  glacial  acetic  acid.  It  has  a pleasant,  pungent  odour,  and  is 
a powerful  corrosive,  raising  blisters  upon  the  skin.  The 
concentrated  acid  is  an  acrid  poison.  It  boils  at  244  F., 
giving  off  inflammable  vapours.  Its  molecular  weight  is  60, 
and  sp.  gr.  1.063.  It  is  one  of  the  most  stable  of  the  organic 
acids.  Liquids  containing  acetic  acid  have  a corrosive  action 
upon  many  metals,  especially  those  containing  copper,  with 
which  the  metal  forms  the  well-known  green  verdigris , con- 
sisting of  various  basic  acetates  of  the  metal. 

Acetic  acid  is  soluble  in  all  proportions  in  water,  alcohol, 
and  ether,  and  dissolves  fibrin,  albumen,  essential  oils,  &c. 

XJSes. — Acetic  acid  is  largely  used  in  the  preparation  of  the 
acetates  of  copper,  aluminium,  iron,  lead,  and  sodium;  in  calico 
printing,  in  the  preparation  of  varnishes  and  colouring  matters  ; 
as  a solvent  for  hydrocarbons  in  certain  industries ; in  photo- 
graphy, as  vinegar  for  domestic  use,  a constituent  of  smelling 

salts  &c. 

In  medicine  it  is  used  as  a liniment  for  rheumatism,  a 
local  irritant  to  allay  fevers,  and  as  a solvent  for  corns  am 
warts.  It  is  given  internally  as  a refrigerant,  under  the  name  o 
acidum  acetum  dilutum , containing  about  12  per  cent,  of  the 
acid,  and  given  in  doses  up  to  one  fluid  ounce. 


ARSENIOUS  ANHYDRIDE. 

Synonyms.—  White  Arsenic , Arsenious  Acid,  Arsenious 
Sesquioxide , Arsenic  Trioxide , Acidum  Arseniosum,  As,03. 

Source.— This  compound  is  produced  by  roasting  arsenical 
ores,  such  as  mispickel,  which  is  an  arsenical  sulphide  of  iron 
It  is  also  obtained  in  the  roasting  of  certain  ores  of  copper  and 
nickel  as  a by-product  in  the  metallurgical  treatment  of  these 
minerals.  The  arsenious  oxide  condenses  in  chambers  or  Hues 
leading  from  the  furnace,  and  is  periodically  raked  out  a d 
purified  by  resublimation. 
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Characters. — Arsenious  anhydride  exists  in  two  forms,  a 
vitreous  and  a crystalline  variety.  When  freshly  obtained,  it 
has  the  appearance  of  a semi-transparent,  lamellated,  vitreous 
mass.  On  exposure  to  the  atmosphere  it  becomes  yellow  in 
colour,  and  gradually  becomes  opaque.  By  grinding  the  trans- 
parent variety  to  powder  it  becomes  opaque.  The  opaque  form 
has  a specific  gravity  of  3.699,  while  the  transparent  variety  is 
slightly  heavier,  being  3.7385  times  as  heavy  as  water.  Cold 
water  dissolves  only  about  2 per  cent,  of  the  oxide;  boiling 
water  dissolves  about  12  per  cent.,  but  it  is  freely  soluble  in 
hydrochloric  acid.  Nitric  acid  and  aqua-regia  dissolve  the 
acid  and  convert  it  into  arsenic  acid.  When  heated  to  380°  F. 
it  sublimes  and  condenses  into  transparent  octohedra  crystals 
upon  warm  surfaces.  Its  vapour  is  colourless  and  odourless. 
Arsenious  anhydride,  or  white  arsenic  of  the  shops,  is  frequently 
used  as  a poison,  so  small  a quantity  as  two  grains  being 
attended  with  fatal  results.  Taken  in  excessive  doses,  it  causes 
faintness,  sickness,  nausea,  and  intense  thirst. 

Uses. — For  the  manufacture  of  metallic  arsenic,  ingredient 
in  vermin  poisons,  for  the  production  of  salts  called  arsenites. 
It  is  much  used  in  medicine,  and  given  in  doses  of  W to  TV  of 
a grain  as  a gastric  stimulant.  Combined  with  potash  it  is  a 
constituent  of  an  important  drug  known  as  Liquor  Arsenicalis 
or  Fowler’s  Solution. 


CHROMIC  ANHYDRIDE. 

Synonyms. — Chromic  Acid,  Chromium  Trioxide , CrO... 

Source.--!  his  compound  is  prepared  by  acting  upon 
chromates  with  sulphuric  acid.  The  usual  process  consists  in 
mixing  4 volumes  of  a cold  saturated  solution  of  potassic  bi- 
chromate with  5 volumes  of  sulphuric  acid.  On  cooling, 
chromic  anhydride  separates  out  in  the  form  of  bright  crimson 
needles.  It  may  also  be  prepared  by  decomposing  fluoride  of 
chromium  with  water. 
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Chai’acters. — Chromic  anhydride  is  a crimson  substance, 
crystallising  in  needles.  It  has  a specific  gravity  of  2.676.  On 
exposure  to  the  air,  it  absorbs  water  and  becomes  deliquescent. 
It  has  a sour,  metallic  taste,  and  is  corrosive  in  its  action.  On 
heating  to  3920  F.,  it  fuses  ; further  heating  decomposes  it,  with 
the  evolution  of  oxygen  and  the  formation  of  chromic  oxide. 
During  the  decomposition  it  becomes  incandescent.  On  heating 
with  hydrochloric  acid,  chlorine  gas  is  given  off,  and  chromic 
chloride  produced.  It  is  poisonous. 

Uses.— Principally  as  an  oxidising  agent. 


HYDROCYANIC  ACID. 


Synonyms. — Prussic  Acid,  Cyanide  of  Hydrogen,  Acidum 
Hydrocyamcum  Dilution , HCN. 

Source. — Hydrocyanic  acid  occurs  in  nature  in  laurel  and 
cherry  leaves,  in  bitter  almonds  and  amygdalin.  It  may  be 
prepared  by  distilling  metallic  cyanides  with  hydrochloric  acid, 
or  by  heating  ammonium  formate.  It  is  usually  prepared  com 
mercially  by  distilling  a mixture  of  potassium  ferrocyamde  with 
dilute  sulphuric  acid.  The  concentrated  acid  is  obtained  by 
the  action  of  sulphuretted  hydrogen  upon  mercuric  cyanide. 


Characters.— The  pure  acid  is  a colourless,  thin,  and 

volatile  liquid,  having  a density  of  0.7058  at  45°  F->  b°,hnS  at 
79“  F„  and  congealing  at  0°  F.  It  is  very  inflammable,  and 
burns  with  a violet  flame.  It  has  a powerful  and  characteristic 
odour,  resembling  that  of  bitter  almond  oil  or  peach  Uossoms. 
It  is  soluble  in  water  and  alcohol  in  all  .proportions,  and  exhibits 
a slight  acid  reaction.  The  strong  acid  cannot  be  preserved, 
since  it  decomposes  into  formate  of  ammonium  and  an 
indefinite  brown  substance.  It  is  a most  violent  poison,  very 
small  quantities  of  the  strong  acid  producing  instantaneous 
death,  and  even  when  largely  diluted  it  has  a powerful  effect 

upon  the  animal  system. 

Uses. — The  concentrated  acid  being  so  unstable,  its  appli- 
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cations  are  limited.  The  acidum  hydrocyanicum  dilutum , 
which  contains  2 per  cent,  of  the  acid,  is  used  in  medicine 
as  an  anesthetic  and  sedative  in  doses  from  2 to  8 minims. 


HYDROFLUORIC  ACID. 

Synonyms. — Fluoric  Acid,  Flydric  Fluoride,  IFF 

Source. — The  concentrated  acid  is  prepared  by  heating 
potassium  hydrogen  fluoride  in  a platinum  retort.  But  the  strong 
aqueous  solution  of  commerce  is  prepared  by  heating  a mixture 
of  1 part  of  prepared  and  finely  powdered  fluor  spar  (calcium 
fluoride)  with  2 or  3 parts  of  sulphuric  acid  in  a leaden  retort 
connected  with  a leaden  condensing  arrangement. 

Characters. — Hydrofluoric  acid  is  a colourless,  volatile,  and 
fuming  liquid,  its  vapours  being  highly  corrosive  and  poisonous. 
Its  molecular  weight  is  20,  and  the  strong  aqueous  solution 
has  a specific  gravity  of  1.06.  Its  percentage  composition  is 
hydrogen,  5;  fluorine,  95.  It  has  a great  affinity  for  water, 
with  which  it  combines,  with  the  development  of  great  heat  and 
a hissing  noise.  The  anhydrous  acid  boils  at  67°  F.,  and  the 
commercial  acid  at  248  F.  The  dilute  acid  is  very  dangerous 
to  handle.  It  has  a most  corrosive  action  upon  the  skin,  pro- 
ducing an  intense  burning  sensation.  It  dissolves  most  metals 
with  the  formation  of  their  fluorides,  with  the  exception  of 
platinum,  lead,  gold,  and  mercury.  It  has  a very  corrosive 
action  upon  glass  and  on  all  silicates,  and  in  consequence  it 
cannot  be  kept  in  glass  bottles.  It  is  usually  preserved  in  vessels 
made  of  guttapercha,  upon  which  it  has  practically  no  action. 

1 he  acid  has  such  remarkable  corrosive  properties  that  there 
are  few  materials  that  it  will  not  attack.  It  is  not  inflammable 
or  explosive. 

Uses.—' The  dilute  acid  is  much  used  for  glass  etching, 
which  is  performed  by  first  coating  the  glass  with  wax,  and  then 
tracing  the  design  upon  it  with  a sharp-pointed  tool,  and  then 
exposing  to  the  action  off  the  vapour  or  allowing  the  acid  to 
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stand  upon  the  markings  for  some  time,  which  soon  act  upon 
the  parts  uncovered  by  the  wax.  When  the  etching  is  per- 
formed by  the  vapour  of  the  acid,  the  design  is  white  and 
opaque. 

Hydrofluoric  acid  is  also  a constituent  of  certain  inks  used 
for  making  permanent  writing  or  marks  upon  glass,  and  is  much 
used  in  the  laboratory  for  the  decomposition  of  silicates  and 
for  the  preparation  of  fluorides. 


HYDROCHLORIC  ACID. 

Synonyms. — Muriatic  Acid,  Spirit  of  Salts , Chloride  of 
Hydrogen,  Chlorhydric  Acid,  Acidum  Hydrochloricum,  HCl. 

Source. — This  acid  is  prepared  upon  the  commercial 
scale  by  the  action  of  sulphuric  acid  upon  sodium  chloride  or 
common  salt.  The  acid  distils  off,  leaving  a residuum  of 
sulphate  of  soda.  It  is  obtained  synthetically  by  mixing  equal 
volumes  of  hydrogen  and  chlorine  gases,  and  exposing  to  direct 
sunlight,  or  by  the  application  of  an  electric  spark  to  the 
mixture.  The  gases  combine  with  explosive  violence  with  the 
formation  of  hydrochloric  acid  gas.  It  occurs  in  nature  to 
some  extent  as  a constituent  of  volcanic  emanations. 

Characters. — Hydrochloric  acid  is  a colourless  gas  of  a 
pungent  odour  and  very  acid  taste.  If  breathed,  although  largely 
diluted  with  air,  it  produces  irritation  of  the  air  passages,  causing 
coughing.  It  also  irritates  the  eyes,  and  has  a smarting  action 
upon  the  skin.  It  is  very  injurious  to  vegetation,  and  has  a 
corrosive  action  upon  metals,  walls,  pictures,  &c.  Its  molecular 
weight  is  36.5,  and  density  18.25.  Under  a pressure  of  40 
atmospheres  at  50"  F.  it  condenses  to  a colourless  liquid  of 
sp.  gr.  1.27.  Its  percentage  composition  is  hydrogen,  2.74; 
chlorine,  97.26.  It  is  not  inflammable,  neither  will  it  support 
combustion.  It  fumes  when  in  contact  with  the  air,  owing  to 
its  copibination  with  atmospheric  moisture.  It  is  extremely 
soluble  in  water,  1 volume  of  which  at  40'  F.  would  absorb 
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about  480  volumes  of  the  gas,  the  liquid  being  increased  in 
volume  about  one-third  and  acquiring  a density  of  1.2 109. 
This  is  a colourless  and  fuming  liquid,  and  contains  43  per 
cent,  of  the  acid.  The  ordinary  commercial  hydrochloric  or 
muriatic  acid  of  the  shops  has  generally  a yellowish  colour,  due 
to  the  presence  of  small  quantities  of  chloride  of  iron,  chlorine, 
or  organic  matter.  It  generally  has  a sp.  gr.  of  1.16,  and 
contains  about  32  per  cent,  of  the  acid. 

The  following  table  gives  the  amount  of  hydrochloric  acid 
contained  in  aqueous  solutions  of  various  specific  gravities  at 
6o°  F.  : — 


Specific 

Gravity 

HC1 

per  cent. 

Specific 

Gravity. 

HC1 

per  cent. 

1 

Specific 

Gravity. 

HCl 

per  cent. 

Specific 

Gravity. 

HCl 

percent 

1.200 

40.777 

I-I5I5 

30.582 

1 . 1 000 

20. 388 

I.0497 

10. 194 

1. 1982 

40.369 

I.I494 

30.174 

1.09S0 

19.980 

I.0477 

9.786 

1. 1964 

39.961 

I- 1473 

29.767 

1.0960 

19-572 

1-0457 

9-379 

1. 1946 

39-554 

1.1452 

29-359 

1.0939 

19.165  j 

1-0437 

8.971 

1. 192S 

39-I46 

1.1431 

28.951 

1. 0919 

lS.757 

1. 0417 

8. 563 

1. 1910 

38-738 

1. 141 

2S.544 

1.0899 

18.349 

1-0397 

8-155 

1.1893 

38-330 

I-I3S9 

28. 136 

1.0879 

17-941 

1-0377 

7-747 

1.1875 

37-923 

I.I369 

27.728 

1.0859 

17-534 

1-0357 

7-34° 

1.1857 

37-516 

I-I349 

27.321 

1.0838 

17. 126 

1-0337 

6.932 

1. 1S46 

37.108 

1.1328 

26.913 

1. 0818 

16.718 

1.0318 

6.524 

1. 1822 

36.700 

1.130S 

26.505 

1.0798 

16.310 

1.029s 

6.116 

1.1802 

36.292 

1. 1287 

26.098 

1.0778 

15.902 

1.0279 

5-709 

1.1782 

35-884 

1. 1267 

25.690 

1.0758 

15-494 

1.0259 

5-3oi 

1.1762 

35-476 

1-1247 

25.282 

1-0738 

15.087 

1.0239 

4-893 

1. 1741 

35.068 

1. 1226 

24.874 

1.0718 

14.679 

1.0220 

4.486 

1. 1721 

34.660 

1. 1206 

24.466 

1.0697 

14.271 

1.0200 

4.078 

1. 1701 

34-252 

1.11S5 

24.058 

1.0677 

13-863 

1. 0180 

3.670 

1. 1681 

33-845 

1.1164 

23.650 

1.0657 

I3-456 

1. 0160 

3.262 

1. 1661 

33-437 

1-1143 

23.242 

1.0637 

13.049 

1. 0140 

2.854 

1. 1641 

33-029 

1-1123 

22.834 

1.061 7 

12.641 

1. 0120 

2.447 

1. 1620 

32.621 

1. 1 102 

22.426 

1-0597 

12.233 

1. 0100 

2.039 

1-1599 

32-213 

1.1082 

22.019 

1-0577 

11.S25 

1.00S0 

1.631 

1.1578 

31.805 

1. 1061 

21.6l  I 

1-0557 

11.418 

1.0060 

1. 124 

i- 1557 

31-398 

1. 1041 

21.203 

1-0537 

1 1.010 

1.0040 

.816 

1.1536 

30.990 

1. 1020 

20.796 

1.0517 

10.602 

1.0020 

.40S 

l he  aqueous  solution  of  hydrochloric  acid  reddens  litmus 
strongly.  It  dissolves  many  metals  with  the  liberation  of  hydro- 
gen gas  and  the  formation  of  chlorides  of  the  metals.  It 
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neutralises  alkalies  with  the  production  of  their  chlorides.  The 
strong  acid  is  a powerful  corrosive  poison. 

Uses. — Hydrochloric  acid  is  extensively  used  in  the  arts 
and  manufactures  for  bleaching  powder  or  chloride  of  lime, 
potassic  chlorate,  and  sal  ammoniac.  It  is  used  as  a solvent 
for  tin  by  the  dyer  and  calico  printer,  and  by  tin  and  copper 
smiths  for  soldering  purposes.  It  is  indispensable  in  the 
chemical  laboratory  and  for  the  manufacture  of  fine  chemicals. 
It  is  used  in  medicine  under  the  name  of  acidum  hydrochloricum 
dilutum , which  is  an  aqueous  solution  of  the  acid,  showing  a 
specific  gravity  of  1.052,  and  containing  a little  over  io|  per 
cent,  of  the  pure  gas.  This  is  given  in  certain  diseases,  such 
as  dyspepsia,  in  from  20  to  30  minim  doses. 

OXALIC  ACID. 

Synonyms. — H X.,Oj2  Aq. 

Source. — Prepared  by  heating  sawdust  with  a mixture  of 
caustic  soda  and  caustic  potash  to  a temperature  of  460°  to 
480°  F.  The  mixture  is  then  boiled  with  water,  filtered,  and 
the  solution  evaporated.  Sodium  oxalate  separates  out  in 
granules.  These  are  now  boiled  with  milk  of  lime,  and  thus 
become  converted  into  oxalate  of  lime.  The  lime  salt  is  then 
decomposed  with  dilute  sulphuric  acid.  Sulphate  of  lime  and 
oxalic  acid  being  formed,  these  are  separated  by  filtration,  and 
the  solution  of  oxalic  acid  concentrated  and  crystallised. 

Characters.— Oxalic  acid  crystallises  in  large  white  mono- 
clinic crystals  containing  two  molecules  of  water,  which  it  loses 
on  heating  to  212°  F.,  the  weight  being  reduced  28.5  per  cent. 
It  is  very  soluble  in  water  and  alcohol,  and  has  an  extreme  acid 
taste.  Taken  in  large  doses,  it  acts  as  a powerful  corrosive 
poison.  Sulphuric  acid  decomposes  it  completely,  with  the 
evolution  of  carbonic  oxide  and  carbonic  dioxide  gases. 

Uses.— The  acid  is  used  in  calico  printing  and  dyeing,  for 
bleaching  (lax,  straw,  and  leather,  for  cleaning  brass,  &c. 
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NITRIC  ACID. 

Synonyms.  — A qua  Fort  is , Hydnc  Nitrate , Acidium  Nitn- 
cum , HNO  -i . 

Source.— Nitric  acid  is  prepared  on  the  commercial  scale 
by  heating  a mixture  of  sodium  nitrate  or  Chili  saltpetre  with 
sulphuric  acid  in  iron  retorts  connected  with  earthenware 
condensers  and  receivers.  Nitric  acid  is  distilled  over  and 
condensed,  while  the  residuum  in  the  retorts  consists  of  sulphate 
of  soda. 

Characters. — Pure  nitric  acid  is  a colourless,  fuming,  limpid 
liquid,  the  vapours  from  which,  if  breathed,  are  very  irritating  to 
the  air  passages,  and  very  corrosive  to  most  substances.  It 
has  a specific  gravity  of  1.53  at  6o°  F.,  and  a molecular  weight 
of  63.  It  begins  to  boil  at  184"  F.,  but  owing  to  the  decom- 
position of  the  liquid  with  the  formation  of  nitrous  and  oxygen 
gases,  the  temperature  gradually  rises  until  250°  F.  is  reached, 
when  the  temperature  of  the  residual  acid  remains  constant,  and 
the  liquid  distils  unchanged.  Its  percentage  composition  is 
hydrogen,  1.59;  nitrogen,  22.22  ; oxygen,  76.19.  It  freezes  at 
about  -40°  F.  The  commercial  acid  has  a yellowish  red  colour, 
due  to  the  presence  of  the  lower  oxides  of  nitrogen.  These 
oxides  are  also  produced  in  the  pure  colourless  acid  if  it  be 
exposed  to  sunlight  for  some  time.  It  is  soluble  in  all  pro- 
portions in  water. 

Nitric  acid  is  a powerful  oxidising  agent.  It  contains  over 
three-quarters  of  its  weight  of  oxygen,  and  parts  with  a fraction 
of  it  with  great  ease. 

The  diluted  acid  dissolves  most  metals  with  the  formation  of 
nitrates  or  oxides  with  the  liberations  of  nitrous  fumes.  It  has 
no  action  upon  gold  or  platinum.  It  has  a very  marked  action 
upon  the  skin  and  all  albuminous  substances,  producing  a 
yellow  stain  very  difficult  to  remove.  It  has  a most  destructive 
action  on  all  animal  and  vegetable  textile  goods.  It  converts 
sulphur  and  phosphorus  into  sulphuric  and  phosphoric  acids, 
and  if  dropped  on  to  hot  powdered  charcoal  oxidation  takes  place 
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so  rapidly  that  the  charcoal  burns  vividly.  Nitric  acid  is  a 
powerful  irritant  poison. 

Uses. — The  applications  of  nitric  acid  in  the  arts  arc  very 
important.  It  is  extensively  used  for  the  manufacture  of  such 
explosives  as  nitro-glycerine,  dynamite,  picric  acid,  nitro-cellu- 
lose  (gun  cotton),  roburite,  cordite,  &c.  It  is  in  constant 
request  for  the  products  of  nitro-benzol,  aniline  dyes,  aqua- 
regia,  nitrous  ether,  &c.,  and  for  cleaning  brass  and  copper 
goods.  It  is  indispensable  in  the  chemical  laboratory  and  for 
the  manufacture  of  fine  chemicals.  In  medicine  a dilute 
aqueous  solution,  containing  10  per  cent,  of  the  acid,  and  known 
as  acidum  nitricum  dilutum , is  used  for  certain  diseases  in  10 
to  30  minim  doses.  'The  strong  acid  is  often  used  as  a caustic 
to  destroy  warts  and  corns,  and  also  in  metal  engraving. 

NITRO-HYDROCHLORIC  ACID. 

Synonyms. — Aqua-Regia , Adtro- Muriatic  Acid , Acidum 
Adtro ■ Hydroclil oricum . 

Source. — This  acid  is  generally  prepared  by  adding  1 part 
of  nitric  to  3 parts  of  hydrochloric  acid.  At  first  the  mixture 
turns  yellow,  and  eventually  a bright  sparkling  red,  due  to  a 
reaction  which  takes  place  between  the  two  acids  with  the 
formation  of  free  chlorine  and  oxychlorides  of  nitrogen.  This 
mixed  acid  derives  the  name  of  aqua-regia  from  the  fact  that  it 
dissolves  the  noble  metals  gold  and  platinum,  and  the  other 
rare  platinoid  metals,  the  single  acids  being  without  action 
upon  them. 

Characters. — Nitro-hydrochloric  acid,  or  aqua-regia,  is  a 
red,  sparkling,  mobile  liquid,  giving  off,  when  exposed,  very 
irritating  and  corrosive  fumes.  It  is  a powerful  oxidising  agent. 
It  dissolves  the  metals  with  the  formation  of  their  perchlorides. 
It  has  a most  destructive  action  upon  all  metallic  and  organic 
substances,  and  is  an  irritant  poison.  It  is  not  inflammable  or 
explosive.  It  is  soluble  in  water  in  all  proportions. 
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Uses. — As  a solvent  for  gold  and  platinum.  The  chlorides 
of  gold  and  platinum  are  largely  used  in  photography,  and  as 
chemical  reagents  in  the  laboratory.  As  an  oxidising  agent. 
In  medicine  it  is  used  under  the  name  of  acidum  nitro-hydro- 
cliloricum  dilution,  and  contains  nitric  acid  3,  hydrochloric  acid 
4,  and  water  25  parts,  and  is  administered  in  5 to  20  minim 
doses. 


SULPHURIC  ACID. 

Synonyms. — Oil  of  Vitriol,  Hydrogen  Sulphate,  Acidum 
Sulphuricurn,  Protohydrate  of  Sulphuric  Acid,  If.LSOx. 

Source. — This,  the  most  important  of  all  the  acids,  is  pre- 
pared on  the  commercial  scale  from  sulphur,  iron  pyrites,  or 
disulphide  of  iron.  By  roasting  these  substances  in  a current 
of  air  sulphur  dioxide  gas  is  produced.  This  is  conveyed  into 
large  leaden  chambers,  and  there  mixed  with  nitrous  vapours 
(produced  by  the  action  of  sulphuric  acid  upon  nitre)  and 
steam.  These  vapours  react  upon  each  other,  forming  dilute 
sulphuric  acid,  which  condenses  upon  the  floor  of  the  chambers, 
after  which  the  liquid  is  drawn  off  and  concentrated  by  boiling. 
The  acid  is  also  formed  by  the  gradual  oxidation  of  sulphurous 
acid  in  water,  and  also  by  the  action  of  water  upon  sulphur 
trioxide. 

An  acid  of  higher  concentration  is  prepared  at  Nordhausen, 
in  Saxony,  by  heating  dehydrated  ferrous  sulphate  (green  vitriol) 
in  earthen  retorts.  A brown  fuming  acid  distils  over,  and  is 
known  in  commerce  as  Nordhausen  oil  of  vitriol.  A residuum 
of  oxide  of  iron  is  left  in  the  retorts,  which  is  used  as  a red 
pigment,  and  known  under  the  name  of  colcothar. 

Characters. — The  sulphuric  acid,  or  oil  of  vitriol,  of  com- 
merce, is  a colourless,  odourless,  and  dense  oily-looking  liquid, 
of  specific  gravity  1.842.  It  boils  at  640°  F.,  and  freezes  at 
about  -29  F.  Its  molecular  weight  is  98,  and  its  percentage 
composition  is  sulphur,  32.65;  oxygen,  65.31;  hydrogen,  2.04. 
It  is  very  hygroscopic,  and  on  exposure  rapidly  absorbs  moisture 
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from  the  atmosphere.  Great  heat  is  developed  on  mixing  the 
concentrated  acid  with  water.  On  adding  4 parts  of  the 
strong  acid  to  1 part  of  water  the  temperature  rises  from  320  F. 
to  2120  F.  Great  care  should  be  exercised  in  mixing  sul- 
phuric acid  with  water.  The  acid  should  always  be  added 
gradually  to  the  water,  and  not  vice  versa.  A sudden  mixture 
should  be  avoided,  since  they  are  apt  to  combine  with  explosive 
violence.  Accidents  frequently  result  from  this  cause. 

The  following  table  shows  the  percentage  of  sulphuric  acid 
in  aqueous  solutions  of  various  specific  gravities  : — 


Specific 

Gravity. 

Per 

cent. 

Specific 

Gravity. 

Per 

cent. 

Specific 

Gravity. 

Per 

cent. 

Specific 

Gravity. 

Per 

cent. 

1.8426 

IOO 

1-675 

75 

1-398 

50 

1. 182 

25 

1.842 

99 

1.663 

74 

1.3886 

49 

1 - 1 74 

24 

1.8406 

98 

1-651 

73 

1-379 

48 

1. 167 

23 

1.840 

97 

1.639 

72 

i-37o 

47 

1-159 

22 

1-8384 

96 

1.627 

71 

1.361 

46 

r- 15  r6 

21 

1.8376 

95 

1.615 

70 

i-35i 

45 

I-I44 

20 

1-8356 

94 

1.604 

69 

i-342 

44 

1.136 

19 

1-834 

93 

1.592 

68 

1-333 

43 

1. 129 

18 

1.831 

92 

1.580 

67 

1.324 

42 

1 . 1 2 1 

17 

1.827 

9i 

1.568 

66 

i-3G 

41 

1-1136 

l6 

1.S22 

90 

1-557 

65 

1.306 

40 

1. 106 

15 

1. 816 

89 

1-545 

64 

1.2976 

39 

1.098 

14 

1.809 

88 

1-534 

63 

1.289 

38 

1. 091 

13 

1.802 

87 

I-523 

62 

1.281 

37 

1.083 

12 

1-794 

86 

1-512 

61 

1.272 

36 

1.0756 

1 1 

1.7S6 

85 

1. 501 

60 

1.264 

35 

1.068 

10 

1 -777 

84 

1.490 

59 

1.256 

34 

1. 061 

9 

1.767 

83 

1.480 

58 

1.2476 

33 

1.0536 

8 

i-756 

82 

1.469 

57 

1.239 

32 

1.0464 

7 

J-745 

81 

1.4586 

56 

1-231 

31 

1.039 

6 

1-734 

80 

1.448 

55 

1.223 

3° 

1.032 

5 

1.722 

79 

1.438 

54 

1. 215 

29 

1.0256 

4 

1. 710 

78 

1.428 

53 

1.2066 

28 

1. 019 

3 

1.69S 

77 

1.418 

52 

1.198 

27 

1-013 

2 

1.686 

76 

1.408 

5i 

1. 190 

26 

1.0064 

1 

The  commercial  acid  is  often  of  a yellow  or  dark  brown 
colour.  This  is  principally  due  to  its  charring  action  on  pieces 
of  organic  matter,  such  as  straw,  <Src.,  that  may  have  fallen  into 
it.  It  has  a very  destructive  action  upon  wood,  linen,  and 
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cloth  of  all  kinds.  The  dilute  cold  acid  dissolves  such  metals 
as  iron,  nickel,  cobalt,  zinc,  and  manganese,  forming  sulphates 
of  the  metals  and  the  liberation  of  hydrogen  gas.  The  cold 
concentrated  acid  has  very  little  action  upon  metals.  When  the 
acid  is  boiled,  however,  in  contact  with  such  metals  as  silver, 
copper,  mercury,  antimony,  lead,  tin,  and  bismuth,  sulphurous 
anhydride  gas  is  disengaged,  and  sulphates  of  the  metals  formed. 
Gold  and  platinum  are  not  acted  upon  even  by  the  concen- 
trated boiling  acid.  Sulphuric  acid  is  a violent  poison,  and  has 
a most  caustic  action  upon  the  skin,  causing  an  intense  burning 
sensation,  and  is  frequently  used  by  evil-disposed  persons  for 
facial  disfiguration,  and  known  as  vitriol  throwing. 

Uses.— Sulphuric  acid  is  the  most  extensively  employed  of 
all  the  acids.  It  is  used  in  very  large  quantities  in  the  produc- 
tion of  carbonate  of  soda  from  common  salt,  and  for  converting 
the  ammoniacal  liquor  of  the  gasworks  into  sulphate  of  ammonia, 
now  so  largely  used  as  a manure.  It  is  used  in  the  production 
of  nitro-glycerine  and  other  explosives,  and  the  more  volatile 
acids,  such  as  hydrochloric,  hydrofluoric,  and  nitric,  &c.  Its 
applications  in  the  chemical  laboratory  and  chemical  works  are 
very  numerous.  In  the  manufacture  of  tin  plates  it  is  extensively 
used  to  dissolve  off  the  oxide  of  iron  from  the  surface  of  the 
iron  plates  prior  to  the  tinning  process.  In  medicine  it  is  used 
as  a refrigerant,  under  the  name  of  acidum  sulphuricum  dilutum; 
sp.  gr.,  1.094,  and  containing  about  10  per  cent,  of  the  acid, 
and  administered  in  5 to  30  minim  doses.  Nordhausen  oil 
of  vitriol  is  principally  used  as  a solvent  for  indigo  for  dyeing 
purposes.  The  applications  of  sulphuric  acid  in  the  arts  and 
manufactures  are  so  numerous  that  the  prosperity  of  a civilised 
country  can  be  said  to  be  very  nearly  in  direct  ratio  to  its 
consumption. 
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AMMONIUM  HYDRATE. 

Synonyms. — Ammonia , Spirit  of  Hartshorn , Sat  Volatile , 
Liquor  Ammonite  Fortior , NIJJP  0,  Am  HO. 

Source.—' T his  alkaline  liquid  is  an  aqueous  solution  or 
combination  of  ammonia  gas,  and  it  is  produced  commercially 
by  heating  sulphate  or  chloride  of  ammonium  with  quicklime, 
and  condensing  or  absorbing  the  resulting  gas  in  water. 

Characters. — Ammonium  hydrate  is  a colourless  alkaline 
liquid,  and  gives  off  the  characteristic  and  pungent  odour  of 
ammonia  gas  ( see  Ammonia  Gas,  page  28).  The  strong  solution 
of  the  gas  has  a specific  gravity  of  0.880.  It  neutralises  acids, 
and  is  strongly  alkaline.  Excessive  inhalation  of  its  vapour  is 
poisonous,  but  breathed  in  small  quantities  it  acts  as  a stimulant 
to  the  pulse  and  respiration.  The  amount  of  ammonia  gas 
absorbed  by  water  depends  upon  the  temperature  of  the  latter. 
The  higher  the  temperature,  the  less  gas  is  absorbed,  and  vice 
versa.  One  part  of  water  at  32”  F.  absorbs  1,149  times  its 
volume  of  the  gas,  while  at  68”  F.  only  681  volumes  are 
absorbed.  By  heating  ammonium  hydrate  to  212°  F.,  all  the 
ammonia  gas  escapes,  and  water  remains.  Ihe  following  table 
shows  the  percentage  of  ammonia  (NHS)  in  aqueous  solutions 
of  the  gas  of  various  specific  gravities 
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Temp.  6o°  F. 


| Specific 

Gravity. 

Ammonia 

Gas 

per  cent. 

Specific 

Gravity. 

Ammonia 

Gas 

per  cent. 

Specific 

Gravity. 

Ammonia 

Gas 

per  cent. 

0.8844 

36 

0-9133 

24 

0.9520 

12 

0.8S64 

35 

0.9162 

23 

0.9556 

1 1 

0.SSS5 

34 

0.9191 

22 

0.9593 

10 

0.S907 

33 

0.9221 

21 

0.9631 

9 

0.S929 

32 

0.9251 

20 

0.9670 

8 

0.S953 

3i 

0.9283 

19 

0.9709 

7 

0.8976 

30 

0.9314 

18 

0.9749 

6 

0.9001 

29 

o-9347 

17 

0.9790 

5 

0.9026 

28 

0.9380 

16 

0.9031 

4 

0.9052 

27 

0.9414 

15 

0.9873 

3 

0.9078 

26 

0.9449 

14 

0-9915 

2 

0.9106 

25 

0.9484 

13 

o-9959 

1 

Uses.  1 he  applications  of  ammonium  hydrate  are  im- 
portant.  It  is  indispensable  in  the  chemical  laboratory,  and  in 
medicine  it  is  largely  used  as  a liniment  in  combination  with 
other  substances.  Small  doses  of  the  dilute  solution  are  given 
internally  as  a gastric  stimulant.  It  is  a constituent  of  smelling 
salts  and  of  manure. 


LIME. 

Synonyms.  Quicklime,  Caustic  Lime , Calcic  Oxide , CaO. 

Source.— Pure  lime  is  obtained  by  calcining  marble,  or  by 
adding  a solution  of  carbonate  of  ammonia  to  a solution  of 
chloride  of  calcium,  and  calcining  the  resulting  precipitate  of 
carbonate  of  lime.  The  lime  of  commerce  is  obtained  by 
roasting  limestone  (an  impure  carbonate  of  lime)  in  kilns 

whereby  carbonic  acid  gas  is  evolved,  and  caustic  lime 
produced. 

inh"b^rSTrhen  PU'e’  lime  is  a White>  amorphous,  and 
‘S'“e  body;  11  a specific  gravity  of  3. 18,  and  consists  of 
71-43  per  cent,  of  calcium,  and  28.57  per  cent,  of  oxygen.  On 
exposure  to  the  air  it  gradually  absorbs  moisture  and  carbonic 
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acid  and  crumbles  to  powder.  It  is  then  usually  termed  u/c- 
slakcd  When  water  is  gradually  added  to  a lump  o line,  t s* 
considerably,  and  gives  out  great  heat, 

rnnverted  into  hydrate  of  lime.  Lane  is  soluble  to  the  extent 
of  i part  in  700  of  cold  water,  and  on  heating  the  solution  to 

reaction  and  a caustic  taste.  Lime  is  somu  ^ 
with  the  formation  of  its  salts. 

Uses The  applications  of  lime  are  very  extensive.  Enor 

mous  quantities  of  lime  in  the  form  of  limestone 
in  the  smelting  of  iron  and  other  ores.  It  is  the  principa 
ingredient  of  mortar  and  cements,  and  is  used  m laige  quan  1 les 
fof^nW  coal  gas,  for  the  manufacture  of  bleaching  powder 

and  the  ^softening  of  hard  water,  for  the  removal ^flbsmbs 
bides  &c  prior  to  the  tanning  process.  Agriculture  aDsoru 

the  dose  being  from  1 to  4 fluld  ounces. 

POTASSIUM  HYDRATE. 

Synonyms. — Caustic  Potash,  Potash,  Polassa  Caustica, 
Potassa  Fusa , KHO. 

Source. This  substance  is  obtained  from  carbonate  of 

potash,  or  pearl  ash  solution,  contained  in  an  iron  pot,  >y  m,M 


ALKALIES. 


1 7 


it  with  slaked  lime  in  small  quantities  at  a time,  the  whole 
being  kept  at  the  boiling  point.  Insoluble  carbonate  of  lime  is 
formed,  and  potassium  hydrate  remains  in  solution.  When  all 
the  carbonate  has  been  precipitated,  the  whole  is  boiled  for 
about  a quarter  of  an  hour,  and  the  insoluble  matter  allowed  to 
settle.  The  clear  caustic  liquor  is  drawn  off  into  silver  basins, 
and  evaporated  until  the  solid  hydrate  produced  begins  to 
volatilise.  The  viscid  liquid  is  then  run  into  moulds  and 
allowed  to  solidify.  Caustic  potash  prepared  in  this  manner  is 
rarely  pure,  but  may  be  easily  purified  by  digestion  in  alcohol. 
Most  of  the  impurities  remain  insoluble,  and  the  potash  can  be 
obtained  from  the  solution  by  evaporation  and  fusion. 

Characters. — Potassium  hydrate  is  a brittle  greyish-white 
substance,  with  a molecular  weight  of  56.1,  and  a specific 
gravity  of  2.2.  It  is  exceedingly  deliquescent,  and  rapidly 
absorbs  water  and  carbonic  acid  from  the  atmosphere.  It  is 
a powerful  alkali,  and  neutralises  acids  forming  the  potash  salts. 
It  is  soluble  in  about  half  its  weight  of  water,  and  gives  out 
much  heat  during  solution.  Alcohol  also  freely  dissolves  it. 
It  has  a very  acrid  taste,  is  a strong  cautery,  and  has  a destruc- 
tive action  upon  vegetable  and  animal  matters.  The  strong 
solution  is  very  poisonous. 

Uses.  Caustic  potash  has  extensive  applications,  large 
quantities  being  consumed  for  glass  and  soap  making,  and  for 
fine  chemicals.  An  aqueous  solution  is  used  as  an  anti-incrus- 
tating  fluid  in  steam  boilers,  and  sometimes  mixed  with  various 
organic  substances,  and  then  known  as  boiler  composition.  It  is 
also  known  as  painters'  solution , being  used  for  dissolving  off 
old  paint  from  wood  work,  walls,  &c.  It  is  indispensable  in 
the  chemical  laboratory  as  a reagent.  The  aqueous  solution, 
liquor  potassce,  of  the  British  Pharmacopoeia,  has  a specific  gravity 
of  1.058,  and  contains  nearly  6 per  cent,  of  the  hydrate,  and  is 
used  to  cleanse  the  skin  before  operations,  and  as  a solvent  for 
a morbid  epidermis  in  certain  diseases  of  the  skin.  A dilute 
solution  is  sometimes  given  internally  as  a gastric  sedative  for 
dyspepsia. 

B 
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SODIUM  AMALGAM. 

Synonyms. — {Alloy  of  Mercury,)  NaaHg. 

Sources,  Characters  — Sodium  amalgam  is  obtained  by 
the  direct  union  of  metallic  mercury  with  the  metal  sodium,  by 
heating  up  a solution  of  the  element  in  mercury  to  824°  F. 
They  unite  with  very  considerable  evolution  of  heat. 

Sodium  amalgam  containing  excess  of  mercury,  when 
heated  to  824°  F.,  leaves  the  fixed  compound  Na3Hg.  The 
alloy  of  sodium  with  30  parts  of  mercury  is  hard  and  crystalline; 
that  of  60  parts  of  mercury  becomes  pasty  when  slightly 
warmed.  Like  sodium  this  alloy  must  be  kept  in  naphtha  to 
preserve  it. 

Uses. — Sodium  amalgam  is  chiefly  used  in  lecture  demon- 
strations. It  is  also  used  for  the  formation  of  amalgams  of 
other  metals,  viz  , barium,  calcium,  &c. 

SODIUM  HYDRATE. 

Synonyms. — Caustic  Soda,  Soda  Caustica,  Soda,  NaHO. 

Source. — On  a large  scale  this  substance  is  obtained  from 
“black  ash,”  or  “soda  ash,”  or  carbonate  of  soda  solution  of 
specific  gravity  1.1,  by  mixing  with  burnt  lime,  which  combines 
with  the  carbonic  acid  of  the  soda,  producing  insoluble  car- 
bonate of  lime  and  caustic  soda,  which  is  soluble  in  the  liquid. 

It  is  allowed  to  stand,  the  clear  liquid  transferred  to  shallow 
pans  and  evaporated,  after  which  the  concentrated  liquor  is  j 
heated  in  iron  pots  until  it  becomes  viscid  and  purified  by 
forcing  air  through  it.  It  is  then  cast  into  sticks  or  run  into  j 
iron  drums,  and  there  solidified.  When  required  chemically  ; 
pure,  special  processes  are  resorted  to  for  the  purpose. 

Characters. — Caustic  soda  is  a brittle  greyish-white  sub- 
stance, with  a molecular  weight  of  40,  and  specific  gravity  of 
2.13.  It  is  very  deliquescent,  and  rapidly  absorbs  moisture 
and  carbonic  acid  from  the  atmosphere.  It  is  a powerful 


ALKALIES. 


19 


alkaline  caustic,  and  neutralises  the  acids  forming  the  salts  of 
soda.  It  is  soluble  in  about  half  its  weight  of  water,  and 
during  solution  gives  out  great  heat.  Alcohol  also  dissolves  it 
freely.  It  has  a very  acrid  taste,  and  is  a strong  cautery,  and 
has  a destructive  action  upon  vegetable  and  animal  matters. 

Uses. — The  applications  of  caustic  soda  are  practically 
the  same  as  those  of  caustic  potash  (vide  page  17).  The 
liquor  soda  of  the  British  Pharmacopoeia  has  a specific  gravity 
of  1.047,  and  contains  4.1  per  cent,  of  soda. 


SODIUM  PEROXIDE. 

Synonyms. — Sodium  dioxide , Na,,  0,x. 

Source,  Characters,  &c. — Pure  sodium  peroxide  is  ob- 
tained by  heating  sodium  in  a flask  of  hard  glass  filled  with 
nitrogen  till  the  sodium  is  melted,  then  sending  a slow  stream 
of  dry  air  and  heating  till  the  metal  is  changed  to  a yellowish 
white  solid,  and  heating  this  for  some  time  in  dry  oxygen.  It 
is  a white  solid,  becoming  yellowish  on  heating. 

It  deliquesces  gradually  in  air,  and  then  is  gradually 
changed  into  sodium  carbonate.  It  is  soluble  in  water,  with 
production  of  much  heat;  on  further  heating,  oxygen  being 
evolved. 

Sodium  peroxide  acts  as  an  energetic  oxidising  agent  when 
heated.  Carbon,  iodine,  sulphur,  phosphorus,  and  tin  are 
oxidised  more  or  less  rapidly. 

When  in  contact  with  wood  and  such  like  bodies,  spon- 
taneous combustion  or  explosion,  if  confined,  is  likely  to  ensue. 
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CALCIUM  CHLORIDE. 

Synonyms. — Chloride  of  Calcium , Ca  CL. 

Source. — This  salt  is  obtained  by  dissolving  chalk  in  hydro- 
chloric acid  ; carbon  dioxide  gas  is  evolved,  and  on  evaporat- 
ing the  solution  to  dryness,  and  fusing  the  residue,  calcium 
chloride  is  produced  as  a white  mass.  Large  quantities  of  the 
salt  are  now  obtained  as  a secondary  product  in  the  manufacture 
of  carbonate  of  ammonia. 

Characters. — Calcium  chloride  occurs  in  commerce  as  a 
white  anhydrous  porous  salt,  and  it  can  also  be  obtained 
crystallised  in  six  sided  striated  prisms.  The  fused  salt  has  a 
specific  gravity  of  2.485,  and  molecular  weight  of  in.  The 
crystallised  salt  has  a specific  gravity  of  1.680.  Its  percentage 
composition  is  calcium,  3^-°3  > chlorine,  63.97.  Anhydrous 
calcium  chloride  is  very  deliquescent,  and  is  extremely  soluble 
in  water,  and  also  in  alcohol.  A concentrated  aqueous  solution 
of  the  salt  boils  at  355°  F. 

Uses. — As  a desiccating  agent,  and  is  used  as  a flux  in 
certain  metallurgical  operations.  When  mixed  with  snow,  it 
constitutes  a powerful  freezing  agent. 


SALTS. 


21 


CHLORATE  OF  POTASSIUM. 

Synonyms.  — Chlorate  of  Potash , Putassii  Chloras, 
KCIO 3. 

Source. — This  salt  may  be  prepared  by  passing  chlorine 
gas  through  a solution  of  caustic  potash,  or  more  economically 
by  the  following  process  : — Chlorine  gas  is  transmitted  through 
milk  of  lime  until  saturated  with  it.  Calcium  chlorate  and 
calcium  chloride  are  thus  formed.  Potassium  chloride  is  next 
added  to  the  solution  of  mixed  salts,  whereby  the  calcium 
chlorate  is  converted  into  potassium  chlorate,  which  is  easily 
separated  from  the  solution  by  evaporation  and  crystallisation. 

Characters. — White  and  crystallising  in  small  anhydrous 
rhomboidal  tablets.  Its  molecular  weight  is  122.6,  and  specific 
gravity  2.326.  It  is  inodorous,  and  possesses  a cooling  taste. 
Boiling  water  dissolves  61.5  parts  of  the  salt.  It  melts  at 
about  8oo°  F.,  and  at  a higher  temperature  evolves  39.21  per 
cent,  of  oxygen  gas,  leaving  a residue  of  potassic  chloride.  If 
combustible  substances,  such  as  phosphorus,  sulphur,  sugar, 
and  charcoal  be  rubbed  with  the  chlorate,  oxidation  takes 
place  so  rapidly  as  to  cause  detonation  and  explosion. 

Uses.— The  applications  of  chlorate  of  potash  are  import- 
ant, audit  is  in  constant  demand  for  making  oxygen  gas,  lucifer 
matches,  calico  printing,  and  as  an  oxidising  agent,  and  is  a 
constituent  of  various  fireworks  and  explosives  of  the  “chlorate 
mixture  class.”  It  is  used  in  medicine  either  in  solution 
or  in  the  form  of  lozenges  for  inflammation  of  the  throat, 
stomach,  &c. 


CHLORIDE  OF  IRON. 

% • 

Synonyms.  — Muriate  of  Iron,  Per  chloride  of  Iron , Sesqui- 
chlonde  of  Iron,  Ferric  Chloride,  Ferri  Perchloridi,  Fe2C/a. 

Source.— This  salt  is  prepared  as  an  anhydrous  sublimate 
in  brown  scales  by  passing  a current  of  chlorine  gas  over  iron 
filings  heated  to  redness;  also  in  a hydrated  condition  by 
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evaporating  a solution  of  ferrous  chloride  which  has  been 
saturated  with  chlorine  gas,  and  by  dissolving  peroxide  of 
iron  (ferric  oxide)  in  hydrochloric  acid  and  evaporating  the 
solution. 

Characters. — The  anhydrous  chloride  of  iron,  which  has 
a molecular  weight  of  325,  is  very  deliquescent,  and  combines 
with  water  with  a hissing  noise  and  considerable  rise  of 
temperature,  with  which  it  forms  a red  solution  which  has  an 
acid  reaction,  and  on  evaporation  yields  large  deliquescent 
crystals  containing  variable  amounts  of  water.  It  is  also 
soluble  in  alcohol  and  ether.  On  boiling  an  aqueous  solution 
of  ferric  chloride  it  is  decomposed,  soluble  colloidal  ferric 
oxide  and  free  hydrochloric  acid  being  formed.  A strong 
solution  deodorises  organic  solutions,  such  as  sewage,  and  is 
reduced  to  some  extent  to  ferrous  chloride.  It  has  a destructive 
action  upon  vegetable  and  animal  textures.  An  aqueous  solu- 
tion of  the  salt  is  known  as  iron  liquor. 

Uses. — As  a disinfectant,  a chemical  reagent,  and  is  a 
constituent  of  various  drugs  and  inks. 


CHLORIDE  OF  LIME. 

Synonyms. — Bleaching  Powder , Calcium  Hypochlorite, 
Calx  Chlorinata , Chlorinated  Lime,  Ca3H6,06,Clt. 

Source.— Chloride  of  lime  is  prepared  by  passing  chlorine 
gas  over  slaked  lime.  The  chlorine  is  generated  by  the  action 
of  hydrochloric  acid  upon  manganese  dioxide  contained  in 
stone  “stills.”  The  slaked  lime  is  contained  in  “chambers” 
or  “ condensers  ” connected  with  the  stills.  I he  absorption 
of  the  chlorine  must  take  place  at  as  low  a temperature  as 
possible  to  prevent  the  formation  of  chlorate  of  lime. 

Characters.— When  pure,  bleaching  powder  is  a white 
powder,  giving  off  a characteristic  odour  of  hypochlorous  acid. 
On  exposure  to  the  atmosphere,  moisture  and  caibonic  acid 
are  absorbed,  chlorine  and  hypochlorous  acid  being  given  off. 
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It  contains  from  30  to  39  per  cent,  of  available  chlorine,  and 
is  a powerful  bleaching  agent  and  disinfectant.  It  is  partially 
soluble  in  water,  leaving  a large  residue  of  hydrate  of  lime. 
Acids  decompose  it  with  the  liberation  of  chlorine  gas. 

Chloride  of  soda  and  chloride  of  potash  are  compounds 
possessing  similar  properties. 

Uses. — This  important  substance  is  extensively  used  for 
bleaching.  The  materials  required  to  be  bleached  are  soaked 
in  a solution  of  bleaching  powder  in  water,  and  then  transferred 
to  a dilute  solution  of  sulphuric  or  hydrochloric  acid  ; chlorine 
gas  is  generated,  which  decolourises  the  materials.  It  is  also 
much  used  for  disinfecting  urinals,  drains,  &c. 


MERCURIC  CHLORIDE. 

Synonyms. — Dichloride , Bichloride  or  Perchloride  of  Mer- 
cury, Corrosive  Sublimate , Hydrargyri  Perchloridum , NgCL,. 

Source. — This  salt  may  be  prepared  by  the  action  of 
chlorine  gas  upon  heated  mercury.  It  is  manufactured  com- 
mercially by  mixing  2 \ parts  of  sulphate  of  mercury  with  1 part 
of  sodium  chloride  or  common  salt , and  carefully  heating  in 
glass  vessels.  Mercuric  chloride  sublimes,  and  sodium  sulphate 
remains  as  a residuum. 

Characters. — Mercuric  chloride  or  corrosive  sublimate  is  a 
white  salt  crystallising  in  needles  or  the  rhombic  form.  Its 
molecular  weight  is  271,  and  specific  gravity  5.42.  It  fuses 
at  509“  F.,  and  boils  at  563°  F.,  giving  off  intense  acrid  and 
poisonous  fumes.  It  is  soluble  in  water,  alcohol,  and  ether. 
An  aqueous  solution  of  mercuric  chloride,  on  standing  for 
some  time,  decomposes  and  deposits  a white  precipitate  of 
calomel.  It  combines  with  albuminous  tissues,  and  is  a powerful 
acrid  poison,  and  is  one  of  the  most  effectual  antiseptics  and 
bactericides  known. 

Uses. — As  an  antiseptic  and  disinfectant  for  the  preserva- 
tion of  anatomical  specimens,  and  for  the  prevention  of  decay 
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of  wood,  cordage,  canvas,  &c.  It  is  used  in  medicine  internally 
and  externally,  and  is  a reagent  of  the  analyst. 


NITRATE  OF  POTASSIUM. 

Synonyms. — Nitrate  of  Potash , Nitre , Saltpetre , Potassic 
Nitrate , Potassii  Nitras,  KN03. 

Source. — Potassic  nitrate  occurs  in  nature  in  large  quan- 
tities, and  is  a constituent  in  certain  soils  of  India,  Arabia, 
Persia,  and  Spain,  and  in  more  or  less  quantities  in  many  other 
soils.  To  extract  the  nitre  from  these  soils,  they  are  lixiviated 
with  water,  and  allowed  to  clarify,  and  the  aqueous  solution  of 
nitre  and  other  matters  is  concentrated  by  evaporation.  The 
residue  is  treated  with  a minimum  quantity  of  hot  water,  so  as 
to  dissolve  the  whole  of  the  nitre  from  the  foreign  matters. 
The  concentrated  solution  is  diluted,  and  boiled  with  glue  to 
separate  organic  matter,  and  the  nitrate  of  potash  is  then 
obtained  from  the  solution  by  evaporation  and  crystallisation. 
It  is  also  obtained  from  sodium  nitrate  or  Chili  saltpetre,  by 
acting  upon  a solution  of  the  latter  with  a hot  concentrated 
solution  of  pearl  ash  (carbonate  of  potash).  Carbonate  of  soda 
is  precipitated,  and  nitre  remains  in  solution,  from  which  it 
is  obtained  by  evaporation  and  crystallisation.  Saltpetre  is 
formed  on  the  Continent  from  the  decomposition  of  animal 
matters.  Aggregation  of  animal  matters,  ashes,  and  lime  are 
exposed  to  the  action  of  air,  and  watered  at  intervals  with 
stable  runnings,  and  the  nitrate  formed  extracted  with  water, 
and  obtained  from  the  solution  by  evaporation  and  crystallisa- 
tion. Magnesic  and  calcic  nitrates  are  also  dissolved  out,  but 
these  can  be  converted  into  potassic  nitrate  by  treatment  with  a 
solution  of  pearl  ash. 

Characters. — Pure  potassic  nitrate  is  a white  salt  crys- 
tallising in  rhombic  prisms.  It  is  soluble  in  3^  times  its 
weight  of  cold  water,  but  it  is  insoluble  in  alcohol.  It  has  a 
molecular  weight  of  101.1,  and  its  specific  gravity  is  2.070.  It 
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fuses  without  decomposition  when  heated  to  642°  F.,  but  at 
a red  heat  it  decomposes,  giving  off  oxygen,  and  leaving  a 
residuum  of  potassium  nitrate,  which  by  further  heating  may  be 
converted  into  the  oxides  of  potassium.  Nitre  is  a powerful 
oxidising  agent. 

Uses. — Mixed  with  charcoal  and  sulphur,  it  constitutes 
gunpowder,  and  is  also  a constituent  of  other  nitro-explosives 
and  fireworks.  In  the  laboratory  it  is  used  as  an  oxidisation 
and  fluxing  agent,  and  is  used  in  the  “curing  ” of  bacon.  It  is 
sometimes  used  in  medicine  as  a refrigerant  in  certain  febrile 


Synonyms.  Tetrachloride  of  Tin,  Muriate  of  Tin,  Fuming 

Liquor  of  Libavius , formerly  Bichloride  of  Tin , Tin  Liquor 
Sn  Cl j.  ’ 

Source.— This  liquid  is  obtained  by  heating  metallic  tin 
with  chloride  of  mercury  (corrosive  sublimate),  and  condensing 
the  fumes  produced,  or  by  passing  a current  of  dry  chlorine 
over  melted  tin,  and  condensing  the  resulting  chloride. 


diseases. 


STANNIC  CHLORIDE. 


tin  crystals,  is  much  used 


ico  printings,  in  com- 
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SULPHUR  CHLORIDE. 

Synonyms.  — Chloride  of  Sulphur , S.2Cl2- 

Source. — This  compound  is  prepared  by  passing  a current 
of  dry  chlorine  gas  over  melted  sulphur  contained  in  a retort, 
and  the  resulting  chloride  of  sulphur  condensed  in  a cool 
receiver. 

Characters. — A yellow  volatile  liquid  possessing  a char- 
acteristic, penetrating,  and  disagreeable  odour.  Its  molecular 
weight  is  135,  and  specific  gravity  1.68,  and  boils  at  280  if. 
It  fumes  on  exposure  to  air,  owing  to  its  combination  with 
moisture.  It  sinks  in  water,  and  is  gradually  decomposed  into 
sulphurous  and  hydrochloric  acids,  together  with  free  sulphur 
and  polythionic  acids.  Sulphur  is  soluble  in  chloride  of 
sulphur  to  the  extent  of  nearly  70  per  cent.  It  acts  upon 
mercury  and  other  metals,  and  combines  with  ammonia.  It  is 

corrosive  in  nature. 

Uses.— Its  principal  application  is  as  a solvent  for  sulphur 
for  the  vulcanisation  of  caoutchouc. 


ZINC  CHLORIDE. 


Synonyms.  — Zincic  Chloride , Chloride  of  Zinc , Zinci 
Chloridum , Zn  CLt 


Source— This  salt  is  obtained  by  heating  zinc  in  chlorine 
gas  or  dissolving  the  metal  in  hydrochloric  acid,  and  evaporat- 
ing the  solution  to  dryness.  Hydrogen  gas  is  evolved,  and 
chloride  of  zinc  remains  in  solution. 


Characters.— Anhydrous  chloride  of  zinc  is  a greyish 
white,  waxy -looking  body,  with  a molecular  weight  of  136,  and 
a specific  gravity  ol  2.753.  It  tuscs  ’ . 

a red  heat,  and  is  soluble  in  water  and  alcohol.  It  is 
deliquescent,  and  is  a powerful  dehydrant,  chart, ng . wood,  and 
converts  alcohol  into  ether,  and  acts  as  a powerful  conosiv 
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upon  the  skin.  A solution  of  zinc  chloride  is  a solvent  for 
silk. 

Uses. — An  aqueous  solution  of  chloride  of  zinc,  and 
known  as  “Burnett’s  disinfecting  fluid,”  is  often  used  as  an 
antiseptic,  and  for  preserving  timber  and  vegetable  fibre  from 
decay.  It  is  also  applied  in  soldering  for  removing  oxides 
from  the  surface  of  the  metals  during  the  process. 


SECTION  IV 


GASES. 


AMMONIA. 

Synonyms.  — Volatile  Alkali , Spirits  of  Hartshorn , A Hs. 

Source.— This  gas  is  produced  during  the  manufacture 
of  coal  gas,  and  is  present  in  the  “ammoniacal  liquor”  as  a 
hydrate  or  in  combination  with  other  bodies  as  salts.  It  may 
be  prepared  in  a pure  state  by  heating  the  chloride  or  sulphate  of 
ammonium  with  quicklime,  and  collecting  the  gas  over  mercury 
or  by  displacement.  One  ounce  of  chloride  of  ammonium  (sal 
ammoniac ) is  capable  of  yielding  750  cubic  inches  of  the  gas. 

Characters. — Ammonia  is  a colourless  gas  possessing  a 
characteristic  pungent  odour  and  acrid  taste.  It  wjH  n°t 
support  combustion,  but  is  itself  feebly  combustible.  If 
breathed  in  a concentrated  form,  it  produces  fatal  results, 
although  when  largely  diluted  with  air,  it  acts  as  a valuable 
stimulant  and  restorative.  It  has  a molecular  weight  of  17, 
and  is  much  lighter  than  air,  its  specific  gravity  being  0.59. 
When  cooled  to  -4°°  F.  with  a mixture  of  snow  and  calcium 
chloride,  it  condenses  to  a liquid  which  boils  at  -37  • 

Ammonia  gas  is  extremely  soluble  in  water,  1 volume  of  wine  1 
absorbs  over  700  volumes  of  the  gas  at  the  ordinal)  tempera 
ture  (see  also  page  14).  Liquefied  ammonia  dissolves  sulphur, 

phosphorus,  and  iodine. 
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Uses.— Compressed  or  liquefied  ammonia  gas  is  stored 
and  conveyed  in  cylinders,  and  is  used  in  the  production  of 
ice,  and  general  refrigeration  purposes 


CARBONIC  ANHYDRIDE. 


Synonyms. —Carbonic  Acid  Gas,  Carbon  Dioxide , Choke 
Damp,  CO,. 


Source.— This  gas  is  produced  by  burning  charcoal  in 
oxygen,  and  is  a product  of  the  combustion  of  all  organic 
materials,  such  as  coal,  wood,  &c.,  in  air.  During  the  con- 
version of  limestone  (carbonate  of  lime)  to  caustic  lime  by 
roasting,  over  40  per  cent,  of  the  gas  is  evolved.  It  is  a 
constituent  of  volcanic  emanations,  the  breath  of  animals,  and 
gases  resulting  from  fermentation  of  various  organic  liquids 
It  is  prepared  on  the  large  scale  by  the  action  of  sulphuric  or 
hydrochloric  acid  upon  chalk,  limestone,  or  marble. 


Characters.— Under  ordinary  atmospheric  pressure  the 
gas  is  colourless  and  invisible,  with  a faintly  acid  smell’  and 
taste.  It  has  a molecular  weight  of  44,  and  is  1.520  times  as 
heavy  as  the  atmosphere.  It  is  not  inflammable,  neither  will 
1 support  combustion.  When  present  in  air  to  the  extent  of  2 

wn.flrlPer  iCent'-  u aCrS  &S  a narcotic  Poison  breathed,  and 
would  extinguish  a lighted  candle.  Carbonic  anhydride  is 

ac  d tasm  t0  WhiCh  U impartS  a sharP  though  pleasant 

temn  r i6  GXtent  °f  1 Part  by  V0lume  at  the  ordinary 
temperature  and  pressure.  By  increasing  the  pressure,  however 

a Proportionately  larger  volume  of  the  gas  is  dissolved,  but 
An  m TPeS  WUb  effervescenoe  when  such  pressure  is  relieved. 
W,p;S  ratl0n.0f  the  kmd  of  effervescence  is  observed  when 
ties  containing  aerated  liquids,  such  as  champagne,  soda 

bottl"’  nm°n;ld?  &C-’  are  °Pened>  the  pressure  of  gas  in  these 
b°t  Wh  qU,dK  being  fr0m  60  t0  lbs.  per  square  inch. 

hen  carbonic  anhydride  is  subjected  to  a pressure  of  54o 
Jbs.  per  square  inch  at  a temperature  of  32°  F„  it  condenses 
‘ colourless  and  very  mobile  liquid,  boiling  at  -108“  F. 
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at  ordinary  pressure,  and  having  a specific  gravity  of  .8266  at 
68°  F.  The  liquid  expands  greatly  on  being  heated.  The 
pressure  that  liquid  carbonic  anhydride  would  ^exert  on 
cylinders  on  being  raised  in  temperature  from  320  F.  is  as 
follows  : — 

520  lbs.  per  square  inch. 


32“  F.  - 

- 

5 20 

Pm 

O 

- 

595 

5o°  F.  - 

- 

677 

59°  F.  - 

- 

767 

68°  F.  - 

- 

00 

Cb> 

C-n 

77°  F.  - 

- 

97 1 

86°  F.  - 

- 

1085 

95°  F.  - 

- 

1 208 

104°  F.  - 

- 

1 33s 

113°  F.  - 

- 

1476 

Liquid  carbonic  anhydride  floats  on  water,  but  is  soluble  in 
all  proportions  of  alcohol,  ether,  carbon  disulphide,  and  naphtha. 
When  the  liquid  is  suddenly  relieved  from  pressure,  the  loss 
of  heat  consequent  upon  vaporisation  solidifies  the  remaining 
liquid  to  a white  snow-like  mass,  which  is  much  colder  than 
the  liquid  ; and  if  a flake  of  the  solid  be  pressed  on  the  skin, 

it  raises  a blister  as  if  produced  by  a burn.  _ 

Much  care  should  be  exercised  as  to  the  carriage  of  liquid 
carbonic  anhydride,  since  great  pressure  is  developed  for  but 
slight  differences  in  temperature.  The  approved  steel  or  wrought 
iron  cylinders  (see  page  39)  used  to  convey  the  liquid  or 
compressed  gas  should  not  be  allowed  to  be  exposed  to  the 
sun’s  rays,  or  to  be  in  proximity  to  any  hot  body.  The  danger 
involved  by  the  bursting  of  a cylinder  of  the  liquid  would  be 
damage  by  the  flying  pieces  of  iron,  and  possible  suffocation 
by  the  disengagement  of  a large  volume  of  irrespirable  gas. 

Uses.— Carbonic  acid  gas  is  largely  used  in  the  manu- 
facture of  aerated  drinks,  such  as  soda  water,  lemonade,  seltzer 
water,  and  has  been  applied  with  considerable  success  m con- 
junction with  steam  as  a fire  extinguisher,  and  in  the  solid  and 
liquid  state  it  is  used  for  the  production  of  low  temperatures 
for  various  purposes. 
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CHLORINE. 


Synonym. — CL 


Source.  Chlorine  is  found  abundantly  in  nature  in  com- 
bination with  sodium  as  common  salt,  from  which  it  may  be 
prepared  by  mixing  with  manganese  dioxide  and  heating  with 
sulphuric  acid.  It  is  prepared  on  an  enormous  scale  for  the 
preparation  of  bleaching  powder  by  acting  upon  manganese 
dioxide  with  hydrochloric  acid,  chloride  of  manganese  and 
chlorine  gas  being  produced. 


Characters. — Chlorine  is  a transparent  greenish  yellow 
elementary  gas  of  a characteristic  suffocating  odour.  Even  when 
largely  diluted  with  air  and  breathed,  it  irritates  the  air  passages 
and  produces  coughing.  It  has  an  atomic  weight  of  35.5,  and 
is  2.45  times  as  heavy  as  air.  100  cubic  inches  of  the  gas  at 
60"  F.  and  30"  Bar.  weighs  77.5  grains.  Under  a pressure  of 
120  lbs.  per  square  inch  at  6o°  F,  it  condenses  to  a yellow 
limpid  liquid  of  1.33  specific  gravity,  and  at  very  low  tempera- 
tures it  solidifies.  AVater  dissolves  about  twice  its  volume  of 
the  gas  at  the  ordinary  temperature.  Chlorine  is  a chemically 
active  gas.  It  is  not  inflammable,  but  will  support  the  com- 
bustion of  certain  substances.  A lighted  taper  continues  to 
bum  with  a reddish  smoky  flame  when  plunged  into  the  gas 
When  phosphorus,  and  finely  divided  metals,  such  as  antimony 
arsenic,  and  copper,  come  into  contact  with  the  gas  they 
spontaneously  burst  into  flame  with  the  formation  of  their 

A Y °T"k  Substances  a«**ed  in  the  same 
manner.  A piece  of  paper  saturated  with  turpentine  inflames 
when  ,n  contact  with  the  gas,  and  deposits  a large  quanti  y of 
a sooty  substance.  It  has  powerful  bleaching  and  dlsinfecfing 
qualities,  caused  by  its  affinity  for  hydrogen  in  organic  matters 

JJtzir™ oxygcn-  °r  by  the  pr°di'«io1'  °f  * 

chlnna!8'  A l'°r  ",C  m'1mifacuire  of  bleaching  powder  or 
chlor.de  of  lime.  As  a deodorant,  disinfectant,  and  bleach- 
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ing  agent.  Liquid  chlorine  is  now  much  produced  for  these 
purposes,  and  is  stored  and  conveyed  in  mild  steel  cylinders 
under  the  same  conditions  as  the  other  kind  of  compressed  or 
liquefied  gases. 


HYDROGEN. 


Synonyms. — Inflammable  Air , H. 


Source. — This  gas  may  be  obtained  in  a variety  of  ways, 

the  following  of  which  are  examples 

(i.)  By  decomposing  water  by  the  metals  potassium  or 

sodium. 

(2.)  By  passing  steam  over  red-hot  iron  turnings. 

(3.)  By  decomposition  of  water  with  electricity. 

(4.)  More  conveniently  by  the  action  of  sulphuric  acid 
upon  metallic  zinc. 

(5.)  Coal  gas  contains  between  40  and  50  per  cent,  of 
hydrogen. 


Characters.— Pure  hydrogen  is  an  elementary  gas,  in-  j 
visible,  tasteless,  and  odourless.  It  is  inflammable,  and  burns 
in  air  with  a slightly  bluish  flame,  with  the  production  of  water 
as  steam.  It  is  much  lighter  than  the  atmosphere,  its  specific 
crravity  compared  with  air  being  0.0692,  or  14.44  times  as  hg  it, 
and  100  cubic  inches  of  the  gas  at  60°  F.  and  30"  Bar.  weigh 
only  2.14  grains.  It  is  the  lightest  substance  known,  and  is 
taken  as  the  unit  or  standard  of  comparison  for  atomic  weigh  s 
and  combining  volume.  Hydrogen,  when  mixed  with  half  i s 
volume  of  oxygen,  or  2,}  its  volume  of  air,  constitutes  a lug  1 y 
explosive  gas,  and  great  care  should  be  taken  that  hydrogen 
when  intended  to  be  ignited  should  be  free  from  air.  Hydrogen 
during  its  combustion  in  oxygen  gives  out  most  intense  heat, 
the  temperature  during  combination  being  about  5°°°  '• 

Advantage  is  taken  of  this  high  temperature  to  melt  highly 
refractory  materials  or  metals,  such  as  platinum  and  also  for 
raising  lime  to  incandescence,  and  which  produces  a me  . 
dazzling  and  brilliant  light,  known  as  the  oxyhydrogen  limelig  . 
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much  used  by  lecturers,  &c.  The  gases  used  are  kept  separate 
in  bags,  or  compressed  in  metallic  cylinders,  and  the  oxygen  is 
supplied  to  the  scene  of  combustion  by  a separate  tube  fixed 
at  right  angles  immediately  beneath  the  burner  through  which 
the  hydiogen  passes.  Coal  gas  is  often  substituted  for  hydrogen 
in  the  production  of  limelight. 

Hydrogen  is  soluble  in  water  to  the  extent  of  about  2 per 
cent,  by  volume,  and  the  solubility  is  unaffected  by  differences 
of  temperature.  It  has  no  poisonous  properties,  but  will  not 
support  respiration,  although  when  a small  quantity  is  mixed 
with  aii  it  may  be  breathed  without  causing  inconvenience, 
giving  a squeaking  and  shrill  sound  to  the  voice  by  reason  of 
its  tenuity.  Hydrogen,  like  all  other  gases,  can  now,  when 
subjected  to  intense  pressure  and  very  low  temperature  be 
liquefied. 

Uses.  The  principal  use  of  this  gas  is  for  the  production 
of  the  oxyhydrogen  light  and  lecture  demonstrations,  for  which 
purpose  it  is  conveyed  compressed  in  wrought-iron  or  steel 
tubes  of  approved  quality  and  strength  (see  page  313) 


MARSH  GAS. 

Synonyms.  Light  Carburetted  Hydrogen,  Methane,  Sub - 
carburetted  Hydrogen,  Methyl  Hydride,  Fire  Damp,  CH , 

Source.— Marsh  gas  occurs  in  nature  during  the  decay 
0 organic  matter,  and  is  produced  during  the  conversion  of 
vegetable  matter  into  coal.  It  is  frequently  met  with  in  coal 
n nes  mixed  with  air,  and  known  by  the  miners  as  fire  damp, 

we  hea  nf  nT  m°St  °f  the  disaStr0US  colliery  explosions 
a . . • _ ' 0rdmary  coal,  when  fresh,  will  evolve  considerable 

of  the  c!  ° °CC  Uded  marsh  gas-  11  is  a constant  constituent 

is  eener8nllvS  emanatmg  from  stagnant  pools  and  marshes,  and 

cent  If-  ^ PreSent  \n  COal  gas  t0  the  extent  of  about  30  per 

with' caustic  £7*  v artifidally  by  heating  a<*tate  of  sodium 

of  carbon  a 1 7 7 'y  paSSlng  the  mixed  vaPOurs  of  bisulphide 
carbon  and  sulphuretted  hydrogen  over  red-hot  copper 
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Characters. — Marsh  gas  is  colourless,  tasteless,  and  with- 
out odour.  It  is  a hydrocarbon,  contains  25  per  cent,  of 
hydrogen,  and  contains  more  hydrogen  than  any  other  com- 
pound of  this  element.  It  has  a molecular  weight  of  16,  and 
is  much  lighter  than  air,  its  specific  gravity  being  0.553.  It  is 
inflammable,  and  burns  with  a yellowish,  feebly  illuminating 
flame.  It  will  not,  however,  support  combustion.  Under  the 
influence  of  very  low  temperatures  and  great  pressures  it  is 
liquefied.  Next  to  hydrogen,  it  is  the  lightest  body  known.  It 
is  but  slightly  soluble  in  water  or  alcohol.  When  mixed  with 
2 volumes  of  oxygen  or  10  volumes  of  air  it  constitutes  a 
highly  explosive  mixture.  This  is  the  fire  damp  of  the  miner. 
In  addition  to  the  violence  of  an  explosion  by  this  mixture  in  a 
coal  mine,  the  products  of  combustion  being  carbonic  anhydride 
and  steam  ( choke  damp  or  after  damp),  there  are  probably  as 
many  deaths  due  to  suffocation  by  the  after-products  as  from 
the  explosion  itself.  Marsh  gas  is  important  from  a theoretical 
point  of  view  as  being  the  initial  base  or  start  point  of  the 
methane  or  paraffin  series  of  hydrocarbons. 

Uses_ — Pure  marsh  gas  has  but  few  applications.  Used 
by  lecturers  for  demonstrating  causes  of  explosions  in  coal 
mines,  &c. 


NITROUS  OXIDE. 

Synonyms.  — Protoxide  of  Nitrogen,  Nitrogen  Monoxide, 
Laughing  Gas , N20. 

Source.— This  gas  is  prepared  by  the  decomposition  of 
ammonium  nitrate  by  heat,  nitrous  oxide  and  steam  being 
produced. 

Characters.— Nitrous  oxide  is  a colourless  gas,  with  a 
faint  odour  and  sweetish  taste.  Its  molecular  weight  is  44, 
and  is  1.525  times  as  heavy  as  the  atmosphere,  and  consists  0 
63  64  per  cent,  of  nitrogen,  and  36.36  per  cent,  of  oxygen.  It 
is  not  inflammable,  but  will  support  combustion.  A glowing 
match  bursts  into  flame  when  plunged  into  the  gas.  ien 
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breathed  for  a little  while,  it  has  a remarkable  effect  upon  the 
system,  producing  a species  of  intoxication  and  insensibility, 
ioo  volumes  of  water  at  the  ordinary  temperature  dissolve  77 
volumes  of  the  gas.  Under  a pressure  of  50  atmospheres  at 
45  F.  it  condenses  to  a colourless  liquid,  having  a specific 
gravity  of  0.908,  and  boiling  at  -126“  F.  It  solidifies  to  a 
snow-white  mass  when  cooled  to  about  -150°  F.  The  liquid, 
when  placed  upon  the  skin,  raises  a blister  like  a burn.  When 
mixed  with  bisulphide  of  carbon,  and  evaporated  in  a vacuum, 
intense  cold  is  produced,  calculated  at  -220°  F. ! 

Uses.— The  principal  use  of  the  gas  is  as  an  anesthetic  by 
surgeons  and  dentists,  and  also  used  in  lecture  demonstrations. 


OIL  GAS. 

Synonyms. — Pintsch's  Gas , Pope's  Gas. 

Source.— This  gas  is  extensively  produced  from  paraffin 

r0'”  shaIe’  and  also  from  certain  fractions  of  petroleum 

and\hlr  “Y""  ,nl°  red'h0‘  ret°rtS  in  » continuous  stream, 
■ d,  h rT!  g Ras  conve>'ed  1“  a gas-holder,  from  whence  it 
is  drawn  (when  intended  for  lighting  raiW  carriages!  h, to 

strong  metallic  cylinders,  and  compressed  up  to  about  200  lbs 

Z Tthe  ',nCh-  D,"™g  ,he  “»*«*«  a considerab  e quan 

my  of  he  heavier  hydrocarbons  present  condenses  to  a ,h,„ 
a7d ’ ig  lyMamlbir  ^ 
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and  compressed  to  about  200  lbs.  per  square  inch.  , e 
pressure  of  the  issuing  gas  is  regulated  by  “ governors,'  and 
each  burner  generally  consumes  about  4 cubic  feet  of  gas 
per  hour.  Oil  gas  is  sometimes  used  for  enriching  poor  coal  gas. 


OXYGEN. 


Synonyms. — Vital  Air , O. 

Source.— This  gas  is  the  most  widely  diffused  of  all  the 
elements.  It  constitutes  one  fifth  by  volume  of  the  atmosphere, 
and  in  combination  with  various  other  bodies  it  constitutes 
nearly  50  per  cent,  of  the  weight  of  the  globe.  Water  con- 
tains about  eight-tenths  of  its  weight  of  the  gas  in  combination 
with  hydrogen.  Pure  oxygen  can  be  prepared  in  a variety  o 
ways,  of  which  the  following  is  a list 

(1.)  By  heating  red  oxide  of  mercury,  metallic  mercury 
and  oxygen  gas  are  produced. 

(2.)  By  heating  chlorate  of  potash,  when  chloride  of 
potassium  and  oxygen  are  produced. 

(2.)  By  heating  peroxide  of  manganese,  tetiaoxide  of 
manganese  and  oxygen  being  produced. 

(a.)  By  heating  bichromate  of  potash  with  sulphuric 
acid,  sulphate  of  chromium,  hydro-potassic  su  - 
phate,  and  oxygen  being  formed. 

) Large  quantities  of  oxygen  are  now  produced  from 
the  atmosphere  by  what  is  known  as  Brins 
oxygen  process,  which  is  founded  on  the  fact 
that  when  protoxide  of  barium  (BaO)  is  heatc 
in  air  to  about  1000“  F„  oxygen  is  absorbed 
with  the  formation  of  peroxide  of  barium  (BaO,) 
and  nitrogen  gas,  and  the  higher  oxide  on  being 
further  heated  to  about  1700  K evolves  the 
oxygen  that  was  absorbed,  and  passes  into  its 
original  condition  of  protoxide,  which  on  cooling 
to  1 ooo°  F.,  again  absorbs  oxygen,  which  may  c 
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evolved  on  heating  as  before.  The  Brin 
Oxygen  Company  now  manufacture  the  gas  by 
keeping  the  barium  monoxide  contained  in 
vertical  retorts  heated  to  a uniform  temperature 
of  1350°  F.  Purified  air  at  a pressure  of  10  lbs. 
pei  square  inch  is  then  admitted.  Oxygen  is 
thus  absorbed,  and  which  is  afterwards  recovered 
by  subjecting  the  retorts  to  a vacuum  of  26 
inches  of  mercury. 


Characters.— Oxygen  is  a colourless,  odourless,  and  taste- 
ess  gas.  It  is  not  inflammable,  but  is  an  intense  supporter  of 
combustion.  Substances  which  burn  in  air  burn  in  oxygen 
with  increased  brilliancy.  Oxygen  is  an  essential  supporter  of 
animal  life  and  combustion.  It  has  an  atomic  weight  of  r6 
and  is  1 1056  times  as  heavy  as  the  atmosphere,  100  cubic 
inches  of  the  gas  at  60“  F.  and  30  inches  pressure  weighing 

frrr:  IS  Sllghtly  SOluble  in  water>  which  absorbs  1 

ts  bulk  at  60  F,  and  about  at  320  F.  Atmospheric  oxygen 

plays  an  important  part  in  the  development  of  heat  in  goods 

“u:  bprner  • combustion-  oi,y 

cond.tb^  n? rsp  en<;  Mygen  S"  rapidly  (under  favourable 
condulons)  as  to  ra.se  the  temperature  of  the  material  to  the 

a 7toT'  M"ny  draStr°US  “""“.Vabous  have  been 
pressure  cond  ApP‘,Cation  °f  8re“t  eold  and  high 

‘°  a C°'0UdeSS  '^uid  of 

■■Ssrss.t 

Sc;“: 
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SULPHUROUS  ANHYDRIDE. 


Synonyms. — Sulphur  Dioxide , Sulphurous  Acid , S02. 

Source.— This  gas  is  prepared  in  a variety  of  ways:— 

(i.)  By  heating  sulphur  in  air  or  oxygen,  or  with  metallic 
peroxides. 

(2.)  By  roasting  the  pyrites  of  iron  or  copper  in  air  or 
oxygen. 

(3.)  By  heating  copper  or  carbon  with  sulphuric  acid. 

(4.)  By  heating  anhydrous  ferrous  sulphate  with  sulphur. 

Characters.  — Sulphurous  anhydride  is  a colourless  gas, 
with  a suffocating  pungent  odour,  characteristic  of  burning 
sulphur.  If  the  gas  is  breathed,  even  when  largely  d.luted 
with  air,  it  affects  the  respiratory  organs,  giving  rise  to  symptoms  • 
of  catarrh.  It  has  a molecular  weight  of  64,  and  is  about  24 
times  as  heavy  as  the  atmosphere.  It  is  not  inflamma  , 
neither  will  it  support  combustion.  It  is  very  easily  liquefied. 
Under  a pressure  of  3 atmospheres  at  60  F,  or  by  cooling 
the  gas  to  0°  F.  with  a mixture  of  snow  and  ice,  it  condenses 
to  a thin,  yellowish,  mobile  liquid  of  a specific  gravity  1.45, 
with  a boiling  point  of  14°  F.  If  the  liquid  is  father  cooled 
in  a mixture  of  solid  carbon  dioxide  (carbonic  acid ) and 
ether,  it  becomes  converted  into  a transparent  solid,  meltin0 

""sulphurous  anhydride  is  very  soluble  in  water,  w>tl 1 which 
it  forms  sulphurous  acid.  One  part  of  water  at  50  F takes  up 
about  51  volumes  of  the  gas,  and  at  7o  P.  35  volumes  . 
absorbed.  On  warming  the  liquid,  sulphurous  anhydride  gas 
Is  evolved  The  liquid  is  strongly  acid,  and  is  corrosive  and 
noisonous  It  is  a powerful  reducing  and  bleaching  agent  J 
^ exposure  to  the  air,  the  liquid  gradually  becomes  converted 

into  sulphuric  acid. 

Uses. — Sulphurous  acid  is  extensively  employed  for  bleach- 
ing  silken  goods,  sponges,  isinglass,  wood,  s‘,a"’  1 ' f 
valuable  antiseptic  and  disinfectant.  Rooms,  such  as 
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infected  hosp  tal  wards,  infected  clothes,  &c.,  are  very  effectually 
disinfected  by  the  fumes  from  burning  sulphur.  It  is  also 
used  to  check  fermentive  growth  in  certain  liquids,  such  as 
cider  or  wines.  The  formation  of  the  gas  is  also  the  pre- 
liminary step  in  the  production  of  sulphuric  acid  on  the  large 
scale,  obtained  either  by  the  roasting  of  sulphur  or  metallic 
sulphides.  The  liquid  sulphurous  anhydride  gas,  contained 
in  strong  glass  syphon  bottles  provided  with  a stopcock,  is 
now  latgely  used  in  chemical  laboratories  for  reduction  purposes 
and  for  lecture  demonstrations.  The  liquid  is  of  course  under 
pressure,  and  on  relieving  the  stopcock  a copious  supply  of 
the  gas  can  be  conveyed  where  desired  by  a tube. 


CYLINDERS  FOR  THE  STORAGE  AND  CON- 
VEYANCE OF  COMPRESSED  GASES 

The  following  is  a description,  by  Mr  Murray,  of  the  cylinders 
used  by  the  linn  Company  for  the  storage  and  conveyance 
of  compressed  oxygen,  which  also  applies  to  other  gases 

To  users  of  compressed  gases  and  to  the  public  generally 
the  cylinders  employed  for  transporting  the  gas  are  naturally  of 
more  interest  than  the  compressor  which  fills  them.  Much 
has  been  written  both  in  technical  journals  and  ordinary  news- 
papers about  the  safety  of  gas  cylinders.  It  has  frequently 
been  suggested  that  the  manufacture  and  testing  of  cylinders 

“ Crmed  °Ut  U"der  State  co"tro'.  “"d  ‘hat  only  those 
bearing  a Government  test  mark  should  be  employed  for  the 

abroad0"  I Th'S  System  has  Nearly  been  adopted 

ioum™  h TC  P''0bably  W0“'d  its  '^“Pt'011  this 

Who  m Tre  "'elCOme.‘han  to  gas  compressing  companies 

"°U|  tlCreby  ,>e  rcllcvc,i  11  a great  measure  of  the  most 
onerous  duty  in  connection  with  their  business. 

nortltofSro°„SSil,IC  ‘T  S°°ner  later’  as  the  trade  tn  the  trans- 

insncction  TiT'  &T’’  dcvoloPs'  somc  kind  of  Government 
inspect, on  will  be  adopted,  and  meanwhile  it  behoves  all 
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owners  of  cylinders,  whether  they  be  private  individuals  or 
public  dealers,  to  employ  only  the  best  and  most  trustworthy 
article,  so  that  should  such  a time  come,  their  stock  will  be 
found  to  comply  with  all  reasonable  requirements. 

If  certain  conditions  as  to  (i)  uniformity  of  pressure,  (2) 
quality  of  material,  thickness  and  shape  of  cylinder,  (3)  testing, 
and  (4)  non-interchangeability  for  different  gases,  are  invariably 
followed,  we  are  convinced  that  the  transport  of  gases  can  be 
conducted  with  absolute  safety,  and  that  so  far  from  the  danger 
increasing  proportionately  with  the  growth  of  the  trade,  it  will 
diminish  as  the  older  and  less  reliable  class  of  cylinders  gives 
place  to  new  and  improved  types. 

The  trade  in  compressed  gases  is  no  new  one.  Iron  gas 
cylinders  of  a heavy  and  unreliable  kind  were  introduced  into 
this  country  about  a quarter  of  a century  ago,  for  the  storage 
and  transport  of  nitrous  oxide  and  carbonic  acid.  1 hese  gases 
liquefy  under  average  atmospheric  conditions  at  pressures  of 
about  30  and  36  atmospheres  respectively.  The  pressure, 
therefore,  to  which  cylinders  were  charged  was  low  as  compared 
with  that  now  employed.  With  the  development  of  oxygen, 
and  the  demand  for  large  quantities  of  that  gas,  an  infinite  y 
better  type  of  cylinder  has  come  into  the  market,  with  the 
result  that  the  old  heavy  iron  ones  are  rapidly  disappearing. 
The  Brin  Oxygen  Company  has  been  mainly  instrumental  in 
bringing  this  satisfactory  change  about,  and  as  the  types  and 
sizes  of  cylinders  sold  by  that  company  have  become  the  recog- 
nised standards  throughout  the  trade,  a description  of  them 
will  be  of  interest. 


Construction  of  Compressed  Gas  Cylinders. 

All  the  cylinders  employed  by  the  Brin  Oxygen  Companies 
are  made  of  mild  steel,  and  arc  either  lap-welded  or  seamless. 
They  are  all  similar  in  appearance,  but  vary  in  size  accor  ing 
to  their  cubic  capacity.  The  lap-welded  cylinders  are  made 
from  ordinary  rolled  and  welded  tubes,  which  arc  cut  to  the 
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length  required,  then  welded  up  solid  in  a spherical  shape  at 
one  end,  and  finally  swaged  or  drawn  down  at  the  other  end 
on  to  a dovetailed  ferrule  which  is  screwed  to  receive  the 
valve.  The  seamless  cylinders  are  either  made  from  seamless 
tubing,  which  is  cut  to  the  length  required,  and  has  the  ends 
closed  in  exactly  the  same  manner  as  in  the  case  of  lap-welded 
cylinders,  or  else  they  are  made  from  a circular  steel  slab 
containing  the  requisite  amount  of  metal  to  ultimately  make 
the  size  of  cylinder  required. 

This  latter  is  the  type  popularly  known  as  the  solid-drawn 
cylinder.  The  slab  is  repeatedly  heated,  and  pressed  by 
hydraulic  power  on  various  mandrels,  through  dies,  until  the 
form  is  nearly  obtained.  It  is  then  drawn  cold  to  the  finished 
size,  and  carefully  annealed  in  order  to  restore  the  metal  to  its 
original  state  of  ductility.  In this  wav  a tube  on™  m 

ah  tne  cylinders  supplied  by  the  Brin  Comnnnie*  nrP 


as  follows  : — 


may  be  generally  summarised 
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Pressure  per  square  inch  at  which  cylinders  buist. 

t a - - 2b  to  a tons. 

Lap-welded  - 2 o 

Seamless  - - - ' ' " 2 2 ” 3 ” 

Expressed  in  atmospheres  - - 37  3 » 448  „ 

Limit  of  elasticity  per  square  inch  of  metal. 
Lap-welded  -----  1 6 to  1 8 tons. 

Seamless  - 


20 


23 


Ultimate  tensile  strength  per  square  inch  of  metal. 

t ^A  a - 2q  to  27  tons. 

Lap-welded  - 3 ' 

Seamless  - - - ' " 29  ,,  33  » 

The  quality  of  metal  in  cylinders  varies  but  little  and 

ductility  is  practically  ensured  by  annealing,  and  by  employing 

only  a mild  quality  of  steel.  . 

The  following  tests  were  made  with  a view  to  ascertaining 

the  amount  of  rough  treatment  which  a cylinder  would  s an 
without  bursting,  and  the  place  selected  for  con  uc  I g 
somewhat  perilous  experiments  was  a pit  at  S.evenstown,  near 

GkSThree  cylinders  selected  from  the  Brin  Company's  ordinary 
stock  were  taken.  They  were  all  of  a standard  type  viz,  5, 
inches  external  diameter  by  J inch  thick.  Nos.  t and  2 ( g. 
were  charged  with  .20  atmospheres  of  oxygen  in  the  usual 
wav.  No.  3 was  filled  with  liquefied  carbonic  acid. 

No  x cylinder  was  twice  raised  to  a height  o 35  ec  , an 
dropped  horizontally  upon  a solid  iron  block  .2  inches  square 
each  blow  bending  the  cylinder  to  the  extent  of  about  j of  an 
„ch  It  was  then  dropped  vertically  on  its  spherical  end 
having  a clear  fall  of  3.  feet,  when  it  was  found .that  the tmpact 
had  only  flattened  a part  of  about  the  size  of  a penny 
It  was  crushed  with  a .5  tons  blow,  received  whilst  1 aero 
an  iron  block,  and  it  was  finally  bent  with  the  same  blow  into 
the  shape  shown  whilst  it  was  supported  on  two  anvils 

feCtNoar2  cylinder  was  dropped  horizontally  across  an  anvil 
five  times  from  a height  of  35  feet,  receiving  the  blow  each 
time  on  the  same  spot. 
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No.  3 was  dropped  twice  from  a height  of  35  feet,  and 
then  crushed  into  the  shape  shown  by  a 15  tons  blow.  On 
these  cylinders  being  subsequently  tested,  they  were  found  to 
contain  the  full  quantity  of  gas. 


Fig.  i. 


Experiments  with  Lap-welded  Cylinders. 

Many  stringent  experiments  have  also  been  made  with 
seamless  cylinders,  and  perhaps  the  best  evidence  of  their 
strength  is  recorded  by  Professor  Goodman,  of  the  Yorkshire 
College,  Leeds,  in  a report  which  he  published  in  the  end  of 
1893.  We  will  quote  from  his  report,  and  may  add  that  the 
cylinder  in  question  was  of  the  solid-drawn  type,  and  had  been 
procured  in  the  ordinary  way  from  one  of  the  Brin  Companies. 

The  cylinder,  when  fully  charged  with  oxygen,  was 
dropped  through  a height  of  22  feet  on  to  a block  of  cast-iron. 
It  alighted  on  its  bottom  end,  and  was  very  slightly  indented, 
so  slightly  that  few  were  able  to  detect  the  dent  until  it  was 
pointed  out.  After  discharging  the  oxygen,  the  cylinder  was 
subjected  to  an  internal  hydraulic  pressure  of  2 tons  per 
square  inch,  which  was  left  on  for  about  a quarter  of  an  hour. 
No  bulging  or  distortion  could  be  detected  by  careful  measure- 
ments The  cylinder  was  then  considered  safe,  and  was  re- 
urned  to  the  Oxygen  Company  to  be  refilled.  On  its  return 
the  cylmder  was  again  dropped  through  a height  of  22  feet, 
and  another  very  slight  dent  produced.  The  cylinder  was  then 
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taken  to  the  top  of  the  Engineering  Department  of  the  College, 
and  was  twice  dropped  through  a height  of  50  feet.  The  first 
time  it  alighted  on  a sharp  corner  of  the  cast-iron  block,  and 
the  second  time  on  the  flat  surface  of  the  block.  The  only 
result  of  dropping  was  to  produce  two  small  dents.  The 
cylinder  was  then  laid  flat  on  the  table  of  the  testing  machine, 
and  a sharp  V block  pressed  into  it  with  hydraulic  pressure  in 
order  to  find  to  what  depth  the  cylinder  might  be  dented  before 
giving  way.  The  pressure  was  gradually  increased  until  the 
cylinder  (4  inches  diameter)  was  squeezed  almost  flat,  and  the 
V block  had  made  a dent  2\  inches  deep.  It  then  suddenly 
tore  apart  along  both  sides,  producing  a loud  report,  but  with- 
out dislodging  a single  loose  fragment.  The  cylinder,  although 
torn,  was  still  in  one  piece.” 

All  gases  are  subject  to  the  law  that  pressure  increases 
uniformly  with  the  temperature  when  the  volume  remains  the 
same.  It  is  an  easy  matter,  therefore,  to  calculate  the  actua 
increase  or  reduction  of  pressure  for  every  measurable  degree 

of  temperature.  , . 

The  co-efficient  of  expansion  for  1"  F.  may  be  taken  as 

o T7  Tf  t ofmncnnPrPS  l)C 


1 I1U  1 

0.00203  of  the  volume  at  32*  F.  If  ■«>  atmospheres  be 


O.OUZU  4 U1  V — o-  r 

taken  as  the  pressure  in  a cylinder  at  a temperature  of 
60°  F.,  then  the  following  table  represents  the  pressure  at 
a few  different  temperatures 


6o°  F.  - 


70 

8o° 


120.00  atmospheres 
122.33  >, 


90 

100° 

o 

150 

0 

2 1 2 


124.64 
1 26.86 
1 29.26 
140.85 
i55-2 1 


Extremes  in  temperature  should  always  be  avoided,  and  the 
cylinders  must  not  be  exposed  .0  the  d.reet  rays  of  the  sun 

any  heated  body. 

The  following  rules  to  all  who  employ  compressed  gases  in 
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connection  with  the  limelight  are  issued  by  the  Brin  Oxygen 
Company : — 

Ordering  Gas— 

(i.)  Order  your  cylinders  some  days  before  they  are  required 
for  use.  State  clearly  the  amount  of  gas  you  want, 
and  fittings  required. 

(2.)  If  cylinders  are  procured  from  a Brin  Company,  see  that 
you  apply  to  the  company  in  whose  district  you  reside. 
Also  note  the  type  of  valve  which  will  be  supplied 
on  both  oxygen  and  coal  gas  cylinders,  so  that  if  you 
have  gauges,  regulators,  or  other  fittings  of  your  own, 
you  may  know  in  good  time  whether  they  will  fit 
the  cylinders  which  will  be  sent  to  you. 

(3.)  The  Brin  Companies  lend  out  cylinders,  valve  keys, 
and  nipple-and-unions.  Pressure  gauges,  regulators,' 
and  other  fittings  must,  however,  be  purchased  from 
them. 


Private  Cylinders— 

(4-)  If  you  ate  a constant  user  of  compressed  gases  you  will 
nd  it  cheaper  and  better  to  buy  your  own  cylinders 
and  fittings,  and  send  the  former  when  necessary  to 
your  agent  or  the  Compressing  Company  of  your 
district  to  be  filled.  y 

(5-)  The  Brin  Companies  anneal  and  then  test  all  cylinders 
received  for  the  first  time  to  a standard  hydraulic  test 
pressure,  and  they  register  and  stamp  with  their 
respective  marks  (before  filling  with  gas)  all  cylinders 
which  have  been  proved  sound  under  treatment. 

(6.)  All  cylinders  are  periodically  re-tested  by  the  Brin 
Companies  at  their  own  discretion,  but  never  at 
shorter  intervals  than  one  year. 

(7-)  No  coal  gas  cylinders  are  filled  by  the  Brin  Companies 
n ess  they  are  pamUd  red,  and  are  fitted  with  recog- 
msed  types  of  non-mterchangecible  valves. 
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Gauging  Contents  of  Cylinders— 

(8.)  When  cylinders  arrive  from  the  Compressing  Company, 
gauge  them,  to  see  that  they  contain  the  full  quantity 
of  gas  Sometimes  in  transit  valves  are  jarred,  so  as 
to  start  a slight  leak  of  gas,  which  can  generally  be 
stopped  by  screwing  down  the  valve  spindle  a little 

tighter. 

(0  ) For  gauging  cylinders,  use  separate  gauges  for  oxygen 
and  coal  gas,  and  it  is  desirable  to  have  the  former  at 
any  rate  fitted  with  a safety  check.  Before  screwing 
up  the  gauge  so  as  to  form  the  joint  with  cylinder 
valve,  open  the  latter  slightly.  This  prevents  any 
sudden  impact  of  gas  through  the  jerky  opening  o a 
stiff  valve. 


Testing  for  Leakage 

(10)  After  gauging  the  cylinder,  or,  if  a cylinder  is  not 
gauged,  the  moment  it  comes  to  hand,  test  the  valve 
with  water,  either  by  complete  immersion,  or  by 
pouring  a small  quantity  into  the  valve  outlet  I no 
bubbles  show  in  the  water,  you  can  rest  satisfied  that 
all  is  gas-tight.  Repeat  this  test  always  after  using 
gas  until  the  cylinder  is  empty. 

(...)  It  is  desirable  to  test  round  the  valve  spindle  when  the 
valve  is  Open  in  the  same  way,  and  rf  any  leak 
found,  tighten  down  the  gland  nut. 


Cylinder  Fittings—  . . , . . , 

/ \ lf  vou  USe  your  own  fittings  in  connection  with  hire 

' cylinders,  it  is  well  to  try  them  on  arrival  of  cylinders 

to  make  sure  that  everything  is  accurate. 

( r 3.)  Never  use  fittings  with  taper  screwed 

is  are  supplied  by  certain  makers.  Ihey  arc  u 
reliable,  unmechanical,  and  most  injurious  to  valve 

connections.  , 

(I4.)  If  possible,  always  use  regulators  on  your  cylinders. 


GASES. 


47 


The  combined  pressure  gauge  and  regulator  fitting  is 
best,  as  you  then  know  exactly  how  your  gas  supply 
is  lasting. 

(15.)  Pressure  gauges  require  readjustment  periodically, 
according  to  the  amount  of  use  and  treatment  they 
are  exposed  to. 


Jets— 

(16.)  When  regulators  are  used,  all  adjustment  of  gases  can 
be  done  by  the  taps  on  the  jet. 

(17.)  When  no  regulators  are  used,  and  gas  is  taken  direct 
from  the  cylinders,  all  adjustment  must  be  done  by 
means  of  the  cylinder  valves,  or  fine-adjustment 
valves,  if  these  are  employed.  The  taps  on  the  jet 
must  be  opened  fully,  and  710  regulation  attempted  by 
means  of  them. 

(18.)  Never  attempt  to  work  “ Bi-unial  ” or  “ Triple”  lanterns 
direct  from  cylinders,  i.e .,  without  regulators. 

(19-)  If  with  a single  lantern  gas  is  taken  direct  from 
cylinders  (without  regulators),  a blow-through  jet  will 
be  found  the  most  convenient. 

(20.)  If  coal  gas  is  taken  from  the  house  supply  direct,  and 
oxygen  from  a cylinder— without  a regulator— z blow- 
through  jet  should  always  be  used. 


Limes— 

(21.)  Fix  limes  only  after  everything  is  prepared,  so  as  to 
avoid  exposure  to  the  atmosphere  when  they  are  cold 
as  much  as  possible. 

(22.)  Adjust  the  lime  about  inch  in  front  of  the  nozzle 
of  a blow-through  jet,  and  about  \ inch  in  front  of 
nozzle  of  a mixed  jet. 

(23.)  Turn  on  the  coal  gas  first,  and  heat  the  lime  well  before 
turning  on  the  oxygen. 

(24.)  I he  best  proportion  of  gases  is  that  which  gives  the 

best  light.  There  should  be  no  flame  visible,  and 
httle  or  no  noise. 
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(25.)  Do  not  leave  one  surface  of  the  lime  exposed  to  the 
jet  for  too  long  a time. 

(26.)  In  turning  offgases,  always  turn  off  the  oxygen  first. 
(27.)  Do  not  leave  your  lime  to  decompose  in  the  lantern. 


(28.)  Avoid  the  use  of  oil  or  lubricant  in  any  form,  and  keep 
all  joints  and  working  parts  free  from  grit  and  lime 

dust. 


Position  of  Cylinders— 

(2Q.)  If  possible,  always  use  the  cylinders  in  a vertical 
position.  By  so  doing  there  is  far  less  likelihood  of 
moisture  or  grit— that  may  be  in  a cylinder— getting 
blown  into  the  valve,  or  other  passages,  or  against 
the  lime.  This  is  especially  desirable  in  the  case  of 

coal  gas. 

Return  of  Empty  Cylinders— 

(,o  ) Return  hired  cylinders  to  the  owner  whenever  they  are 
done  with,  and  thus  avoid  paying  rent  on  them. 
Also  return  any  fittings  which  have  been  lent  with 
the  cylinders,  otherwise  they  will  be  charged  for. 


Returned  Gas— 

(■u)  The  Brin  Companies  allow  no  credit  for  returned  gas. 
They  have  an  invariable  rule  of  blowing  away  all  gas 
returned  in  cylinders.  It  is  well  to  note,  therefore, 
Aat  gas  returned  is  gas  wasted.  Oxygen  never 
deteriorates  by  being  kept  in  cylinders. 


Compressed  Coal  Gas. 

The  methods  of  compressing  oxygen  and  coal  gas  a« 
similar,  but  it  is  needless  to  add  that  independent  cotnpresso 
and  pipe  connections  are  used  for  each  gas. 

' Coal  gas  is  taken  from  the  ordinary  supply  mam  and 
compressed  into  cylinders  in  the  usual  manner.  An 
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mediate  chamber  of  some  kind  is  generally  placed  between  the 
main  and  the  compressor,  the  object  of  which  is  to  prevent  the 
pulsations  of  the  compressor  affecting  the  ordinary  gas  lights  in 
its  immediate  vicinity. 

The  terms  coal  gas  and  hydrogen,  when  employed  in  con- 
nection with  limelight,  are  often  usedas  if  they  were  synonymous 
and  an  oxy-coal-gas  limelight  is  generally  found  as  satisfactory 
as  an  oxyhydrogen  one.  The  composition  of  coal  gas,  how- 
ever, makes  its  compression  rather  more  difficult  and  uncertain 
than  that  of  pure  hydrogen.  Coal  gas  is  composed  mainly  of 
ydiogen  and  carburetted  hydrogen,  and  the  intrinsic  luminosity 
of  a coal  gas  flame  depends  on  the  relative  proportion  of 
ese  gases,  t e highest  illuminating  power  being  obtained 
under  ordinary  conditions  from  the  gas  which  possesses  the 
most  carburetted  hydrogen.  During  compression  coal  gas  loses 
a considerable  proportion  of  its  intrinsic  luminosity.  Thisls 
ue  to  the  fact  that  many  of  the  less  volatile  hydrocarbons  are 
condensed,  and  deposited  in  the  form  of  a tarry  liquor  when 
gas  is  subjected  to  pressure.  Luminosity,  however  is  not 

after  comnroc  • • combustion  with  oxygen 

pression  into  cylinders,  than  before.  ’ 

condensation  of  ifT  tarry  licluor  produced  by  this 

■He  conrt'ssor  £* [T  T " draWn  " the  separator  on 
'"to  cylinders  ind  if  cn™  ,,r0|”rtlon  generally  finds  its  way 
for  any  grM  r‘ :0mpre5sed  “al  gas  is  kept  in  cylinders 

Place  ' CTth  ^ “ ril'Cr  S'ight  C0"d™ati°"  wS 
prevent  the  accumulat.on  of  this  liquor,  a very  good 
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plan  is  to  disconnect  the  cylinder  from  the  lime  jets  befo  e all 
the  pressure  has  run  down.  Then  take  it  outs.de,  and  holding 
it  with  the  valve  downwards,  allow  the  remainder  of  the  gas  to 
blow  away  into  the  atmosphere.  The  Compressing  Companies 
invariably  adopt  this  method  when  cylinders  are  returned  with 
any  gas  in  them,  and  as  the  liquor  is  driven  out  by  the  ga  , 
this  is  generally  found  sufficient  to  keep  the  cylinders  in  good 
working  order.  If  users  of  compressed  coal  gas  observe  J 
precaution  with  regard  to  their  cylinders  and  if  they  mate 
an  invariable  rule  to  work  with  their  cylinders  in  a vertica 
position,  the  hydrocarbon  deposit  will  give  them  little  or  no 
[rouble,'  and  blocking  of  valve  passages  and  discoloration 
limes  sometimes  attributable  to  this  cause,  will  be  avoided. 

There  is  another  compound  sometimes  formed  by  the  com- 
pression of  coal  gas  which  causes  discoloration  of  limes,  and 

which  it  is  more  difficult  to  guard  against. 

Coal  gas  invariably  contains  a small  P«cen'°8e  of  carb» ^ 
monoxide  and  it  has  recently  been  discovered  that  this  ga 
slowly  combines  with  the  iron  of  the  cylinder,  forming  a 
volatile  comPound-viz„  iron-carbonyl.  At  the  first  glance ,1 
might  appear  as  if  this  action  must  have  serious  results  as 
ritds  Ae  strength  of  the  cylinder.  This,  however  ,s  not 
the  case  The  combination  takes  place  very  slowly,  and  to  an 
'tost  imperceptible  extent.  Practical  experience  ponds  to 
the  fact  that  it  is  only  in  isolated  cases,  and  particularly  »her 

er ptt  U tmed  : 

altogether, ''excepts  a solution  of  the  red  depos.t  which  « 

sometimes  formed  on  limes.  blinder  and  even 

It  is  probable  that  the  condition  of  a cylinder,  and  eve 

the  composition  of  its  metal,  play  an  important  part 
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iron  oxide  have  been  found  on  limes  after  the  gas  had  been 
compressed  into  cylinders  for  only  twenty-four  hours.  It  is 
difficult  to  account  for  such  conflicting  results  on  any  other 
basis  than  that  the  internal  surface  of  the  cylinder  in  one  case 
was  in  a condition  to  combine  with  the  monoxide,  while  in 
the  other  case  it  was  not.  The  old  types  of  iron  cylinders, 
which  are  now  fortunately  almost  extinct,  were  more  liable  to 
this  action  than  the  steel  ones  which  have  superseded  them, 
and  the  reason  probably  was  that  the  internal  surface  of  the 
cylinders  in  the  former  case  was  rough  and  irregular,  whilst  in 
the  latter  it  is  smooth  and  uniform. 


It  is  alluaed  to  this  question  of  deposit  on  limes,  as  it  is 
a matter  to  which  some  prominence  has  lately  been  given  in 
technical  journals.  The  cases  which  occur  are  few  in  number 
and  the  remedy  which  the  Brin  Companies  have  adopted  is 
to  remove  the  valve  and  heat  the  cylinder  to  a red  heat.  This 
has  the  effect  of  burning  out  all  extraneous  matter,  whilst  it 
does  not  appreciably  injure  the  metal.  The  treatment  appears 
to  be  efficacious,  and  need  not  be  repeated,  except  perhaps 
at  very  long  intervals.  We  would  therefore  advise  .any  user  of 

— I-  C §aS  Wh°  iS  tr°Ubled  with  serious  discolora- 

tion of  his  limes  to  adopt  this  course. 

The  following  rules  are  recommended  as  specially  applying 
to  compressed  coal  gas  y 1 p 


Storing  Coal  Gas— 

('.)  AvoM  storing  coal  gas  in  cylinders  any  great  length  of 


Testing  for  Iron-Carbonyl— 

<2°  Burn  a smf!  of  against  a piece  of  white  china 
or  porce  am  for  a minute.  If  there  is  no  dark  deposit 

Xh„eaCs  gL"'  ^ ««  *»  4 be 

Discoloration  of  Limes- 

(3,)  11  your  fit  r"’  S"iOUS  disColora,io"  of  limes,  instruct 
>our  Gas  Compressing  Company  to  burn  out  the  coal 
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gas  cylinder,  the  first  time  you  send  your  cylinders 
in  to  be  filled. 

Position  of  Cylinders— 

(4.)  When  cylinders  are  in  use,  it  is  most  important  to  have 
the  coal  gas  one  in  a vertical  position  (valve  upper- 
most). 

Cleaning  Cylinder— 

(c.)  Always  save  a little  pressure  in  your  cylinder,  and  then 
either  take  it  into  the  open  air  and  blow  it  off  with 
valve  downwards , or  return  it  to  your  Gas  Compress- 
ing Company  to  be  treated  in  this  way.  By  this 
means  the  tarry  liquor  will  be  driven  out. 


SECTION  V. 


INFLAMMABLE  LIQUIDS. 


(A.)  COAL  TAR  AND  ITS  PRODUCTS. 
COAL  TAR. 

Synonyms. — Gas  Tar,  Pix  Liquida. 

Source.— Coal  tar  is  obtained  during  the  distillation  of 
m.the,  ™nufacture  of  coal  gas.  The  tar,  together  with 
ammoniacal  liquor,  rises  with  the  gas  from  the  retorts,  and  is 

The  v"eld  c f't  >,draUl,iC  sc™bbers,  condensers,  &c. 
he  yield  of  tar  averages  about  , 2 gallons  per  ton  of  coal  used 

el*  T °b'a,ned  “ a by-pr0duct  in  ll’c  manufacture  of 
coke,  and  from  certain  blast-furnaces. 

Characters.— Coal  tar  is  a black  viscous  liquid,  possessing 

2 andC'r,t,Cnd0Ur'  ItS  SP6CiflC  varies  frU , , ,0 

eeml  atulof3  Ur  , vapours  at  the  ordinary 

emperature  of  he  atmosphere.  In  composition  it  is  one  of  the 

suS  ,nc  q known'  and  contai"s  about  ,50  different 

Basra!,  LTem  r Te  ” leSS  dean  titles — consisting  o 

gaseous,  J1(luid.  and  solid  hydrocarbons,  water  oxygenated 

dS  :„r  “ a,COl;°ls-  catholic  ttcid,  fa.  SSK 

tar  however  °US  ^ perCentaSe  composition  of 

and  also  the  m Y dfPendS  Up.0n  the  nature  of  the  coal  used 
emperature  at  which  it  was  formed.  The  lower 
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the  temperature,  the  more  tar  and  less  gas  is  produced.  High 
temperature  decomposes  tar  vapours,  forming  further  quantities 
of  gas.  The  following  table  gives  a list  of  the  principal  con- 
stituents of  tar  when  subjected  to  fractional  distillation  .— 


Ammoniacal 

Liquor. 


90  per  cent. 
Benzol. 


Synopsis  of  Goal  Tar  Distillation. 

Dehydration,  a.  by  standing  - - - ' | 

b.  during  the  heating  up  - - y 

Distillation.  j 

0 „ ( Ammoniacal  liquor 

I.  Fraction  up  to  340  F.  \ First  runnings  ' 

rectified  yield — 

(1)  Product  up  to  230°  F.,  chemically 

washed, 

Distilled  by  steam,  yields,  a.  - I 
b.  Weaker  benzol  goes  to  1,  2 - 

(2)  Product  up  to  285°  treated  like  (1), 

yieldb’  2 50  per  cent.  Benzol. 

c.  Intermediate  fraction  is 
redistilled 

(3)  Produclup  to  3, 0° treated  like  ( 1 )and  l Solvent  Naphtha. 

(2)  ,iekls' t ; : : Burning  Naphtha. 

c.  Residue  goes  to  II. 

II.  Fraction  from  340°  to  446°.  Middle  Oil 
washed  with  caustic  soda  yields— 

(1)  Oil,  distilled  in  the  light  oil  still, 

yields — 

a.  Distillate  up  to  340°  goes  to  (1),  (3) 

b.  Distillate  up  to  446°  yields  - Naphthalene. 

c.  Residue  goes  to  III. 

(2)  Alkaline  liquor  decomposed  by 

COe  yields — 

a.  Aqueous  solution  of  sodium  car- 

bonate, causticised  by  lime  and 
used  over  again 

b.  Crude  carbolic  acid  is  purified  \ Qarbolic  Acid. 

and  yields,  a. 

U Waste  oils  go  back  to  II. 
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Creosote  Oil. 
Lubricating  Oil. 


III.  Fraction  from  446°  to  520°=  Heavy  oil 
(collected  till  solid  matters  begin  to 

crystallise). 

Can  be  treated  for  naphthalene,  usually  \ 
only  employed  as  - - - - l 

Or  else  separated  into  a.  - - - ) 

b. 

IV.  Fraction , anthracene  oil 

Filtered  or  cold-pressed  yields — 

(1)  Oils  are  redistilled  and  yield — 

a.  Solid  distillate,  treated  along  with 

IV.  (2) 

b.  Liquid  distillate,  goes  to  III.  b,  or 

is  redistilled. 

c.  Residue  (pitch,  coke,  &c.) 

(2)  Residue  is  hot-pressed  and  yields— 

a.  Oils  treated  like  IV.  (1) 

b.  Crude  anthracene  washed  with  t 

naphtha,  &c. , yields,  - - j Anthracene. 

ft.  Solution  is  distilled  and  yields— 
aa.  Naphtha  used  over  again  for 
washing 

bb.  Phenanthrene,  &c. , is  burnt  to  Lampblack. 

V.  Pitch,  employed  for  patent  fuel  or  varnishes,  ) 

&c.  ......  ’j  Pitch. 

Or  else  distilled,  yielding — 

(1)  Crude  anthracene  treated  like  IV.  (2) 

(2)  Lubricating  oil  goes  to  III.  a,  resn 

III.  b.  1 ' 

(3)  Residue  ......  Coke 

lhe  following  table  shows  the  yields  in  percentages  of  the 
various  products  from  different  tars  : 


Boghead  - 
Cannel  Coal 
Newcastle  Coal 
Staffordshire  Coal 


1 

Light 

Oil. 

Neutral 
Heavy  Oil. 

Phenol,  or  ] 
Carbolic  Paraffin 
Acid. 

Naph- 

thalene. 

Pitch. 

12 

1 1 
5 

30 

40 

12 

35 

3 41 

14 
5 
9 

ss 

22 

14 

22 

23 

29 

numerous.  ,he  following  being  a lis,  “ 
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tjons  ; — For  distillation,  to  recover  its  valuable  ingredients ; for 
preservation  of  building  materials  of  all  kinds,  wood,  stones, 
brickwork,  &c. ; for  the  manufacture  of  roofing  felt,  for  cover- 
ing sheds,  factories,  &c. ; for  gas-making  ; as  a liquid  fuel  for 
raising  steam  in  stationary  and  locomotive  boilers;  for  making 
patent  fuel,  lampblack,  and  printers’  ink  ; extensively  employed 
to  bind  the  basic  materials  used  in  the  lining  of  the  “con- 
verters ” in  the  basic  steel  process. 


BENZENE. 

Synonyms.  — Benzol , C6Un. 

Source. — Principally  obtained  in  the  distillation  of  coal 
tar,  and  found  in  the  fraction  that  distils  up  to  285  F.  It  is  . 
separated  from  the  ammoniacal  liquor  upon  which  it  floats, 
then  chemically  washed,  and  redistilled  by  steam. 

Characters.  — Benzene  is  a colourless,  volatile,  mobile 
liquid,  of  a tarry  smell.  It  boils  at  177  F.,  and  freezes  at 
32°  F.,  producing  white  crystals.  It  has  a specific  gravity  of 
0.885,  and  is  highly  inflammable,  giving  off  copious  volumes 
of  its  inflammable  vapour  at  the  ordinary  temperature.  It  is 
insoluble  in  water,  but  soluble  in  ether,  alcohol,  wood  spirit, 
and  dissolves  iodine,  fats,  essential  oils,  resins,  rubber,  &c. 
The  vapour  of  benzene  on  being  breathed  produces  a quicken- 
ing of  the  pulse  and  respiration,  and  afterwards  stupefaction. 

Uses. As  a solvent  for  indiarubber,  oils,  fats,  resins,  &c.  , 

manufacture  of  nitrobenzol  and  aniline  dyes  ; for  increasing  the 
illuminating  power  of  gas. 


toluene. 

Synonyms.  — Toluol,  Methylbenzene , C - /A- 
Source. -Obtained  by  subjecting  crude  benzol  to  frac 
tional  distillation. 
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Characters.  — Pure  toluene,  or  toluol,  is  a colourless, 
lelractive,  and  mobile  liquid.  It  boils  at  230  F.,  its  vapour 
being  very  inflammable,  and  burns  with  a bright  but  very 
smoky  flame.  Its  specific  gravity  is  0.872.  It  does  not  freeze 
at  2o°  C.  It  has  a somewhat  similar  smell  to  benzene,  of  which 
it  is  a homologue,  but  it  is  not  so  dangerous  to  handle.  It  is 
insoluble  in  water,  but  is  soluble  in  alcohol,  ether,  bisulphide 
of  carbon,  and  dissolves  oils  and  fats,  sulphur,  phosphorus, 
iodine,  &c.  Fuming  nitric  acid  converts  it  into  nitro-toluene. 

Uses.— As  a solvent  for  rubber  goods,  oils,  fats,  resins, 
tvc. ; for  enriching  gas. 


SOLVENT  AND  BURNTNG  NAPHTHA. 

Synonym.  — Coal-Tar  Naphtha. 

of  lX6-Th,°Se  F,0dUC,S  are  PrePared  fl  om  ‘he  fraction 
Mia  on  Pradaced  between  ,85"  and  340”  F.  in  the  tar 
distillation,  t he  fraction  is  subjected  to  steam  distillation  at 

denscd  ihi  7,0"7° ,per  cent'  of  the  liquid  has  been  con- 
t forth,  ‘ n SOlVent  “aphtha,  and  the  fraction  oblained 
y furthei  distillation  is  termed  burning  naphtha. 

are  b'0W11-  "’°bile-  and  more  nr  less 
are  In, .1,1  ' n P°ssessInS  a disagreeable  tarry  smell.  They 

aird  paraZ  h"T'  ha'’d  C°"SiSt  PrinciPa"y  of  the  benzenoid 
.875  m 887.  hydr0Carb°"S'  specific  gravities  ranging  from 

sol  Us'f ' TS°,vent  naphtha  is  very  extensively  employed  as  a 
soben  or  mdiarubber  in  the  fabrication  of  waterproof  ma.e 

distillates  ^ " P“  “"L  °f 

liid™"8  nafh'ha  iS  USed  in  sPecial  lamps  wifhout^wicks^  for 

in  fairs  aml^'T3’  “T'™*8'  st“)ls.  booths,  and  shows,  fee  , 

88  “and  n "’a  ''S'  l,as  a SPecific  gravity  from  N m 
7,  and  90  per  cent,  distils  below  340°  F. 
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Carburetling  naphtha  is  a name  applied  to  the  fraction 
distilling  below  300°  F.  Irom  crude  naphtha,  and  having  a 
specific  gravity  ranging  from  .850  to  .870. 

Commercial  Descriptions  of  Coal  Tar  Benzols 
and  Naphthas. 


According  to  Lunge,  the  usual  descriptions  of  the  products 
from  light  tar  oils  yield  the  following  percentages  by  volume  on 


Commercial 

Products. 


1 90  per  cent, 
benzol 

2 50  per  cent. 

benzol 
Toluol 
Carburetting 
naphtha  - 
Solvent 

naphtha  - 
Burning 
naphtha  - 


Initial 
Boiling 
Point 
0 P. 

Percentages  distilled 

at 0 F. 

190 

200 

212 

230  ^ 248 

266 

280 

3°° 

320 

340 

180 

30 

65 

90 

...  j ... 

190 

212 

13 

54 

74  90 

56  90 

::: 

... 

226 

1 35 

71 

00 

97 

230 

... 

...  17 

57 

71 

90 

... 

280 

.:.  j ... 

1 30 

71.5 

89 

(i)  By  90 per  cent,  benzol  is  meant  mat  yu  pci  luil.  uj  - j 

distilled  from  it  before  the  temperature  rises  above  212"  F. 

H By  po per  cent,  benzol , or  50/90  benzol,  is  meant  that  50  per  cent,  by 
volume  distils  before  the  temperature  gets  beyond  2120  F.,  and  that  40  per 
cent,  more  (making  90  altogether)  below  248°  F.  This  product  distils 

wholly  below  267°  F. 


CARBOLIC  ACID. 

Synonyms. — Phenol , Phentc  Acid,  Cf  J/:JhO. 

Source.— This  important  acid  can  be  procured  in  a variety 
of  ways,  the  principal  source  being  from  certain  fractions  o )- 
tained  in  the  distillation  of  coal  tar.  The  water,  benzenoid, 
hydrocarbons,  &c.,  having  been  distilled  from  the  tar  up  to  a 
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temperature  of  300“  F.,  the  fraction  that  distils  between  this 
and  400'  F.,  and  known  as  middle  oil,  contains  the  carbolic 
acid.  After  allowing  to  stand  some  time  to  separate  the  greater 
portion  of  the  naphthalene  it  contains,  the  liquid  is  agitated 
with  caustic  soda  solution  of  sp.  gr.  1.34  in  a cylinder,  and 
allowed  to  separate.  I he  upper  layer  contains  neutral  oils, 
and  the  aqueous  solution  contains  the  carbolic  acid  in  com- 
bination with  soda.  After  separation,  the  aqueous  solution  is 
allowed  to  stand  to  deposit  impurities,  after  which  the  clear 
solution  is  fractionally  precipitated  with  dilute  sulphuric  acid, 
larry  matters  first  separate,  then  homologues  of  carbolic  acid 
then  carbolic  acid  itself. 


Characters.— Pure  carbolic  acid  or  phenol  is  a white 
substance,  crystallising  in  long  rhombic  needles,  melting  at 
108  R,  and  boiling  at  360°  F.  Its  molecular  weight  is  94. 
A few  drops  of  water  suffice  to  liquefy  a large  quantity  of 
phenol,  the  specific  gravity  of  liquid  phenol  being  1.056  at 
1 15  F.  It  possesses  a characteristic  tarry  smell,  and  a burn- 
ing caustic  taste.  Its  solubility  in  water  is  1 in  15,  which 
ouever,  increases  with  the  temperature,  so  that  at  183°  F it  is 
miscible  in  all  proportions.  Pure  phenol  remains  colourless 
when  exposed  to  light  and  air;  but  if  impure,  will  turn  red  or 

del‘q"esces'  , 11  is  “ violent  poison,  a few  drops  of 
strong  acid  having  been  sufficient  to  cause  death.  It  has 
a powerful  caustic  action  upon  the  skin,  and  coagulates  albumen 
and  gelatinous  substances. 


coach,?’  C •'lC'd’  °wmg  t0  its  remarkable  property  of 

oagulat  ng  album, nous  substances,  is  one  of  the  most  power- 

extensiveh,  Siand  am’Septlcs  known  A dilute  solution  is 
(Ib  erh  l t“S  a”  andseptic  in  medicine  and  surgery 
>hn  , andT„S "’8  ' r **°°>ia*  Pmasitic  organisms  upon 

P ckl  of  , 'T  V 11  “ » C°m,itUe"t  oreosote,  used  in'the 
ckbng  of  timber  for  railway  sleepers,  &c,  and  is  largely  used 

m e preparation  of  carbolic  powders,  being  absorbed  by  such 

M,n;  1Cll  as  kieselguhr  marl,  infusorial  earth,  sawdust  &c 

“ Dougalls  powder  is  a mixture  of  carbolate  of  lime  and 
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sulphite  of  magnesia.  It  is  used  in  the  manufacture  of  certain 
soaps  and  salicylic  acid,  durin  azo  colours,  &c.  Carbolic  acid 
is  not  in  itself  an  explosive,  but  is  used  in  the  preparation  of 
picric  acid  ( nitro-phenol ) powders. 


NAPHTHALENE. 

Synonyms.  — Naphlhalin,  CWH g. 

Source.— This  hydrocarbon  may  be  prepared  by  passing 
the  vapours  of  various  organic  substances  through  led-hot 
tubes.  It  is  principally  obtained  from  coal  tar,  in  which  it 
exists  to  the  extent  of  from  5 to  io  per  cent.,  and  occurs 
principally  in  the  middle  oil,  which  distils  between  i7°°and 
230°,  and  in  the  creosote  oils  distilling  between  230°  and  270“, 
from  which  it  is  deposited  on  cooling  the  liquid,  after  which  it 
is  filtered,  pressed,  and  sublimed. 

Characters.— Naphthalene  produced  by  the  cooling  of  its 
saturated  solutions,  or  by  sublimation,  is  a silvery  white  body, 
crystallising  in  rhombic  plates.  It  has  an  agreeable  and 
characteristic  odour,  and  is  somewhat  volatile  at  the  ordinary 
temperature.  It  melts  at  79°  C.  to  a clear  liquid,  and  boils  at 
217°  C.,  and  is  completely  volatile  in  a current  of  steam.  It  is 
inflammable,  and  burns  with  a brilliant  but  smoky  flame.  It  j 
has  a specific  gravity  of  1.158.  It  is  practically  insoluble  in 
water,  alkalies,  and  dilute  acids.  It  is  soluble  in  alcohol,  | 
ether  benzol,  bisulphide  of  carbon,  volatile  oils,  &c.  Crude 
naphthalene,  or  “naphthalene  salts,”  is  an  impure  variety 
possessing  a very  objectionable  odour,  and  contains  various 
oils  from  tar,  from  which  it  can  be  freed  by  pressure  and 
sublimation. 

Uses.— As  a means  of  increasing  the  illuminating  power  of  1 
coal  gas.  This  is  the  substance  used  for  the  “ albo-carbon  lig  1 • 1 
For  the  manufacture  of  artificial  colours,  such  as  Manchester  | 
yellow  (drinitronaphthol),  Magdala  red  (naphthalene  red),  azo 
colours.  Naphthalene  has  considerable  antiseptic  and  disn  1 
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fcctant  qualities,  and  is  used  as  an  insecticide  and  vermicide. 
In  combination  with  camphor,  and  certain  preparations  of 
“sanitas,”  it  is  used  in  the  form  of  blocks  for  the  disinfection 
of  urinal  pans,  &rc. 


CREOSOTE. 

Synonyms. — Creosoic  Oils,  Heavy  Oil , Dead  Oil. 

Source.— This  is  the  fraction  of  distillate  obtained  from 
coal  tar  between  230°  and  270°  C.,  and  generally  yields  from 
15  to  23  per  cent. 

Characters.— The  composition  of  coal  tar  creosote  oils  is 
very  complex,  and  contains  numerous  liquid  and  solid  sub- 
stances, such  as  naphthalene,  anthracene,  phenanthrene  di- 
phenyl, carbolic  and  cresylic  acids,  and  various  neutral  ’oils. 
Its  specific  gravity  ranges  from  r.03  to  1.065.  Creosote  has  a 
greenish  yellow  colour,  and  is  fluorescent.  It  has  a smoky 
taste,  and  acts  upon  the  skin  as  a smarting  astringent,  owing  to 
the  phenol  acids  it  contains.  The  percentage  of  “ tar  acids  ” 
present  varies  from  3 to  24  per  cent.,  depending  upon  the 
temperature  of  the  coal  distillation,  and  the  quality  of  coal 
used.  On  distilling  creosote  up  to  600°  F,  the  amount  con- 
densed varies  from  60  to  90  per  cent.  On  cooling  the  liquid 
considerable  proportions  of  the  solid  naphthaloid  hydrocarbons 
are  deposited  which  however  usually  redissolve  on  heating  up 
IO°  • It  is  inflammable,  and  burns  with  a smoky  flame. 

Uses. -The  principal  application  of  creosote  is  for  pre- 
serving timber,  such  as  railway  sleepers,  &c,  and  for  this  ' 

XhnTn  U ld  hrVe  certain  physicaI  and  chemical  properties 
The  following  specification,  drawn  up  by  the  late  Dr  Tidy  will 

«:;oas/“d  'dM  best  suited  t^e 

temperaturrmaf  D’D  Sha“  ^ COrn|,lcttl>'  ''quid  at  a 
emperature  of  too  F..  no  depos.t  afterwards  taking  place  until 

shall  O?  rS  a temperature  of  55-  V.  (a.)  That  the  creosote 
n am  25  per  cent,  of  constituents  that  do  not  distil  over 
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at  a temperature  of  6oo°  F.  (3.)  That  it  should  yield  8 per 
cent,  of  tar  acids.  (4.)  That  it  should  contain  no  admixture 
of  bone  oil,  shale  oil,  or  any  substance  not  obtained  from  the 
distillation  of  coal  tar,  and  that  the  first  25  per  cent,  of  the 
distillate  shall  have  a specific  gravity  greater  than  that  of 
water.” 

Creosote  oil  is  used  as  a liquid  fuel,  and  for  lighting  up 
works,  harbours,  railways,  &c.,  and  also  put  through  processes 
for  the  recovery  of  the  naphthalene  and  carbolic  acid  it 
contains.  It  is  a good  disinfectant  for  rough  purposes,  such 
as  drains,  urinals,  putrefractive  rubbish,  &c. 


ANTHRACENE. 


Synonym. — CUHW- 

Source.—  Obtained  from  the  fraction  of  tar  distilling  above 
270°  C.,  known  as  anthracene  oil , and  which  constitutes  about 
16  per  cent,  of  the  tar.  On  cooling,  the  liquid  anthracene  and 
several  other  solid  hydrocarbons  are  deposited.  This  deposit 
is  freed  from  the  liquids  by  filtration  and  pressure,  and  is  sold 
as  rough  anthracene,  or  is  purified  by  washing  with  coal  tar 
naphtha,  and  further  filtered  and  pressed.  The  average  yield 
of  pure  anthracene  is  about  0.8  per  cent  on  the  tar  used. 

Characters.  — Pure  anthracene  crystallises  in  colourless 
shining  scales,  and  has  a violet  fluorescence.  It  melts  at  41 5 E, 
and  distils  practically  without  decomposition  at  about  570 
It  is  practically  insoluble  in  water,  and  partially  soluble  in 
dilute  acids  or  alkalies,  alcohol,  benzol,  bisulphide  o carbon, 
and  ether.  It  is  inflammable,  and  burns  with  a smoky  flame 
Rough  anthracene  is  a brownish  green  friable  mass,  an 
contains  a number  of  impurities,  such  as  naphthalene,  methyl- 
naphthalene,  diphenyl,  phenanthrene,  pyrene,  retene,  &c., 
together  with  various  unknown  oils  of  high  boiling  point. 


Tjaee  — 'I' lie  principal  use  of  anthracene  is  f°r  'he 
manufacture  of  alizarin.  The  green  oil  expressed  from  crude 
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anthracene,  and  which  has  a very  high  boiling  point,  is  now 
extensively  used  as  a liquid  fuel  for  raising  steam  in  stationary 
and  locomotive  boilers. 


(B.)  CRUDE  PETROLEUM  AND  ITS 
PRODUCTS. 


CRUDE  PETROLEUM. 


Synonyms.  Mineral  Oil , Rock  Oil , Liquid  Bitumen. 

Source.  Petroleum  is  a natural  occurring  oil,  and  is  found 
in  subterranean  cavities  at  various  depths  in  a great  many  parts 
of  the  globe,  and  is  not  confined  to  any  special  geological 
formation,  the  principal  source  of  this  important  body  being 
the  Pennsylvanian  field  in  the  United  States  and  Canada, 
and  considerable  quantities  are  obtained  from  Baku  on  the 
Caspian  Sea  and  other  localities  of  the  Caucasus,  South  Russia. 

urmah,  Galicia,  Hanover,  also  furnish  quantities  of  petroleum 
and  Algeria  promises  to  be  a source  of  the  oil. 


Characters.— Crude  petroleum,  as  it  is  naturally  found 
varies  considerably  with  regard  to  its  composition  and  consist- 
ency and  may  be  obtained  from  a thin,  highly  inflammable, 
oily  liquid,  to  a solid  substance  boiling  at  so  high  a temperature 
as  420  C.  Petroleum  is  a most  complex  substance,  and  con- 

solid  ahgrCat  numhe*  of  hydrocarbons,  gaseous,  liquid,  and 
0,1,  beinS  principally  of  the  paraffin  series.  It  varies  in 
colour  from  a light  straw  colour  to  brownish  black,  and  gener- 

ftl  fs  to  o‘rgTbIe  0d0Ur'  ln  SpeCifiC  gravit?  h varies 
'torn  .78  o .97.  Some  varieties  give  off  inflammable  vapours 

‘ °"Jm:il>"  temperature.  Its  elementary  composition  aver 

tiesdMhtb, 15  r Ti,on  8s- The  pr°ducts  °btai™d <*»» 

distillation  and  refining  of  crude  petroleum  consists  of 
:Z\  rhlS°lene>  gasolene,  benzoline  or  petroleum  spirit 
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The  following  table  shows  the  number  of  gallons  of  various 
products  obtained  from  too  gallons  of  crude  Russian  petroleum 
by  V.  I.  Ragonie  & Co.  : — 


Sp.  Gr. 

Gallons. 

Benzine 

- 

•725 

I 

Gasolene 

- 

•775 

3 

Kerosene 

- 

.822 

27 

Pyronaphtha 

- 

.858 

I 2 

Lubricating  oil  - 

- 

.900 

27 

Cylinder  oil 

- 

•9r5 

5 

Vaselene 

- 

•925 

I 

Residuum  and  loss 

24 

1 00 

Crude  American  petroleum  on  distillation  yields  from  12  to 
1 5 per  cent,  of  naphtha,  9 to  1 2 per  cent,  of  benzine,  and  60 
per  cent,  of  burning  oil. 

Uses.— The  principal  use  is  for  the  production  of  its  valu- 
able constituents,  and  for  liquid  fuel  and  lubrication. 


The  following  table  shows  the  specific  gravity  and  products 
obtained  from  American  petroleum  of  0.800  specific  gravity: — 


Product. 

Specific  Gravity. 

Percentage. 

Cymogene  and  rhigolene 

Gasolene 

“ C ” naphtha  (benzine  naphtha) 

“ B ” naphtha  - 

“ A”  naphtha  (benzine)  - 

Kerosene  or  burning  oil  - 

Lubricating  oil 

Paraffin  wax 

Coke,  gas,  and  loss  - 

.590  to  .620 
.636  to  .657 
.700 

.714  to  .7 iS 
.725  to  .737 
.802 
■875 

Very  small 

1. 00  to  1.5 
10 

2-5 

2.0  to  2.5 
5°  ^ 55 

17-5 

2 

8 to  10 

The  following  table*  shows  the  specific  gravity  and  yields 


* Redwood  (Jour.  Soc.  Arts,  \ WI\  . 823,  878). 
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of  commercial  products  from  crude  petroleum  obtained  from 
various  localities  : — 


Yield  of  Commercial  Products. 

Locality. 

Specific 

Gravity. 

Naphtha. 

Burning  Oil. 

Lubricating 

Oil. 

1.  Persia - 

2.  East  India  - 

3-  Burmah,  mud  vol- 

cano, Kyouk 
Phyou 

4-  Burmah,  native 

•777 

.821 

Per  cent. 
1.4 
3-6 

Per  cent. 

87.5 

62.5 

Sp.  Gr. 
.800 

Per  cent. 

32.O 

.818 

none 

55-7 

.800 

31-3 

pits,  Mimbyin 
5-  Burmah,  Western 

.866 

none 

i5-i 

.810 

65-9 

Barangah 

6.  Burmah,  Eastern 

.888 

none 

7.2 

• 815 

89-3 

Barangah 
7-  Assam 
8.  India  - 

•835 

■933 

2-5 

none 

66. 1 
none 

.810 

27-3 

94.2 

9-  Russia 

10.  Russia 

1 1 . Hanover 

12.  South  America  - 

13-  South  America  - 

14-  New  Zealand 

15.  Italy,  near  Milan 

16.  United  States, 

•935 

•936 

.942 

•843 

•852 

.900 

.828 

•787 

none 

20.0 
none 

10.0 
none 
none 
none 
45-o 

20.0 

40.0 
none 

60.0 

50.0 
none 

60.0 
45-0 

•805 

.812 

.808 

.808 

.806 

60.0 

37.5 

90.0 
27-5 
45-o 
9i-5 

38.0 
5-o 

Wyoming 

.910 

2.  c 

27-5 

l7-  United  States, 

• j 

57-5 

Wyoming 

18.  Scotch  shale  oil  - 
Tt  k,.  k 

•945 

.870 

none 

6 

10.0 

36 

.810 

72.5 

18.0 

rll- r r lllcU  cne  Products  obtained  from  the 

from  Z!Z.  ^ Simi'ar  *°  *h-  obtained 

mineral  naphtha. 

hum  ^MrTe„7i,TaU  Nap'“ha'  BemoUne'  Bmzint'  P“ 

or  s&d^^rtance A 0btained  from  cn"'c  petroleum 
distilling ujp  * ' f ' and  C°"SIStS  °f  the  '**•«  fractions 
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Characters.  — Mineral  naph'.ha  or  benzoline  is  a thin 
colourless,  volatile  liquid,  of  peculiar  and  somewhat  pleasant 
odour,  and  consists  of  a number  of  volatile  and  highly  inflam- 
mable hydrocarbons.  It  has  a specific  gravity  of  about  0.700. 
It  gives  off  inflammable  vapour  at  the  ordinary  temperature. 
It  is  insoluble  in  water,  and  dissolves  in  about  6 parts  by 
weight  of  rectified  spirit.  By  subjecting  this  body  to  fractional 
distillation  a number  of  products  are  obtained,  of  which 
following  is  a list  showing  their  characters  and  uses . 


Commercial  Name.  S 

pecific  Gravity. 

Characters. 

Uses. 

Cymogene 

.590  ( 

Consists  principally 
of  butane,  C^H  101 
highly  inflam- 

mable and  explo- 
sive when  mixed 
with  air.  It  is 
condensed  by  arti- 
ficial pressure 

t is  sometimes  em- 
ployed in  the 
production  of  low 
temperatures  in 
refrigeraling  ma- 
chines. 

M 

d) 

£ 

<D 

g. 

O 

i- 

Rhigolene  - 

.625  to  .631 

Ahighly  volatile  and 
inflammableliquid 

consisting  mainly 
of  pentane,  C5II12 

Asalocalanmsthetic, 

for  gas  engines, 
and  for  Harcourt’s 
standard  for  esti- 
mating the  illumi- 
nating power  of 
coal  gas. 

a j 

^Gasolene  - 

.635  to  .665 

Colourless, highly  in- 
flammable liquid, 
consisting  mainly 
of  hexane,  C8Hh. 

For  increasing  the 
candle  power  of 
coal  gas,  and  for 
carburetting  air. 

C.naphthf 

0 Benzine 

•g  u naphtha 

'SsC 

go  B.naphth 

3 S 

£ A.naphth 

pi 

^Benzine 

1 

j-.6So  to  .700 
a .714  to  .718 
a 1 

V. 740  to. 74 

v Colourless  liquid, 
1 highly  inflarn- 

1 triable,  consist- 

\ ir.g  chiefly  of  the 
| higher  members 

1 of  the  paraffin 

/ hydrocarbons 

5 Do. 

Used  for  burning 
in  “benzoline”  or 
sponge  lamps,  and 
as  a solvent  of  oils 
and  fats,  and  is 
also  used  in  cer- 
tain varnishes. 

As  a turpentine  sub- 
stitute, and  for 
cleaning  printers 
types,  and  for 
burning.  _ 
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Petroleum  spirit  dissolves  all  the  principal  oils  and  resins. 

Uses. --For  burning  in  benzoline  lamps;  as  a solvent  for 
various  organic  bodies  ; for  Carburetiing  gas  ; and  for  use  as  a 
turpentine  substitute  in  varnishes  and  paints. 


MINERAL  BURNING  OIL. 

Synonyms  .—Kerosene,  Photogene,  Paraffin  Oil,  Refined 
Petroleum,  Water  White  Oil,  Crystal  Oil.  The  following  are 
also  fancy  names  applied  to  various  mineral  oils  used  for 
burning,  many  of  which  are  identical  in  quality  -.—Petroline 
P‘lr°li™'  SePtoIine>  LiPlid  Gas,  Astral  Oil,  Beacon  Oil,  Aurora 
Oil,  Safety  Gas,  Solar  Oil,  Pyronaphtha,  Bel, nontine  Oil 
Mineral  Sperm  Oil,  Mineral  Coha  Oil,  Mineral  Seal  Oil 
Cazeline  Oil , Colzarine. 

Source.— Obtained  in  the  fractional  distillation  of  crude 
petroleum  and  shale  oil. 

may  be  a Perfect]y  colourless  or 
ightly  yellow  liquid  containing  various  hydrocarbons,  and 
generally  has  a blue  fluorescence,  though  not  in  all  cases  It 
as  a characteristic  odour  and  taste.  It  is  insoluble  in  water 
slightly  soluble  in  alcohol,  but  soluble  in  all  proportions  in 
er,  benzol,  chloroform,  petroleum  spirit,  volatile1  and  fixed 
o.  s (except  castor  oil).  It  softens  rubber,  and  is  a solvent 
waxes,  camphor,  certain  resins,  sulphur,  iodine  &c  The 

sources  ^The  sveT™  ^ ^ °btained  fro’m  different 

ally  0.803  ; Russian  kefosen^  o8»  tte™™  ffi  §> 
from  Shale  « t,  0.022,  and  the  “paraffin”  oil 

lated  and  sanctioned  by  the  disLtionar  ^ °the™1Se  Sl^u' 
local  authorities  tk/  * discretionary  powers  vested  in 

restricted  by  the  PetroleumTt  of  \»7i£  “ 

'°5>  and  the  Amended  Act  of  ffifS  « ,,35  ''  cap' 

Petroleum  is  dehned  by  the  Act  to^Je  *1 


6g  dangerous  goods. 

raneoon  oils,  oils  made  from  petroleum,  coal,  schist  shale, 
oeat  or  other  bituminous  substances ; any  products  of  petr 
eum  or  any  of  the  above-mentioned  oils,  winch,  when  tested 
^directed, ^give  off  inflammable  vapour  at  a tempemtme  less 
than  7 F ” The  minimum  flash  point  of  t t 7 
W F , and  with  the  introduc.ton  of  Abel's  new  standard  flash 
point  apparatus  the  minimum  flash  point  was  fixed  a 73  ■ 

roTlerand  Sush  enhancing  the  chances  of  inflammatton 
and  explosion.  See  also  page  255. 

Uses. Enormous  quantities  of  kerosene  or  refined  petro 

product, on  of  oil  ^ "^positions,  and  is  used  for 
m”  the  irh  of  hair,  fnd  also  as  a germicide  and  an,,- 
parasite. 


The  Storage  of  Petroleum. 

Owing  to  the  high  degree 

some  of  the  best  means  of 
safely  storing  petroleum  : m£tallic  tanks,  sunk  some  dis- 

tance into^he^ro^d-  from  w^ch  fl^lltities  can  bC  ^ **( 
required  with  the  aid  of  a ban  p 1 desired  to  be  kept 

only,  built  of  uninflammable  materials. 
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(3.)  Weights  are  attached  to  the  ordinary  barrels,  which  are 
then  sunk  in  water. 


(4.)  A convenient  mode  of  storing  inflammable  oils  is  to 
place  a vessel  similar  to  a gas-holder,  mouth  downwards,  into  a 
large  tank  filled  with  water,  in  which  the  oil  can  thus  be  stored 
over  the  water,  from  which  quantities  can  be  drawn  as  required. 


Apropos  of  the  petroleum  storage  in  towns,  the  Fire  Brigade 
Sub-Committee  recently  reported  to  the  Birmingham  Corpora- 
tion as  follows:  — “ I he  Petroleum  Acts  1871  and  1879  only 
aPP1y  1°  a product  or  any  other  spirit  giving  off  an  inflammable 
vapour  at  less  than  73  F.  There  are  eighty  persons  licensed 
to  keep  the  product  of  petroleum  known  as  benzoline,  all  of 
which  is  kept  in  compliance  with'the  above  Acts.  Any  quantity 
of  the  common  petroleum  or  lamp  oil  can  be  stored,  provided 
it  is  only  one  degree  above  the  specified  flashing  point  above 
mentioned.  The  spirit  of  petroleum  is  very  volatile ; so  much 
so,  that  a light  applied  within  a short  distance  whilst  drawing 
off  the  same  will  cause  it  to  explode.  We  have  caused  inquiries 
to  be  made,  and  find  that  there  are,  in  addition  to  the  large 
stores,  over  six  hundred  premises  in  the  city  where  common 
petroleum  is  sold.  Of  these  ninety-seven  were  visited,  and 
about  13,000  gallons  found  on  the  premises.  In  very  many 
instances  the  premises  were  unsuited  to  the  keeping  of  such  an 
inflammable  oil,  as  most  of  them  were  also  occupied  as  dwell- 
ings, with  six,  eight,  or  ten  in  family.  The  risk  to  life  in  these 
cases  is  very  serious,  as  the  following  cases  will  show. 

Case  A.  keeps  2 gallons  of  common  petroleum  in  the 
shop  and  160  gallons  in  a shed,  one  side  of  which  forms  a part 
a baker  s oven.  B.  keeps  1 20  gallons  of  common  petroleum 
under  the  staircase  to  the  living  rooms.  It  is  a very  small  shop, 

2 persons  reside  on  the  premises.  In  some  instances 

we  find  common  petroleum  sold  by  occupiers  of  private  houses. 

, cq“l"  y ke|,t  d,d  n0t  “c“d  5 gallons,  bn,  the  risk  in 
Uo A T Ser‘ous’  °'™S  >0  Ae  oils  being  kept  in  cup. 

0“™  tv'th ?S  ■ 1°  “I'  fi/eP!aCK'  Stance!  a can  of 

Y c blde  of  tlle  fireplace,  where  a footstool  would 
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usually  be  kept,  and  was  poured  out  by  a little  girl  into  cups  to 
be  sold.  As  regards  large  stores,  one  dealer  is  licensed  to  keep 
10,000  gallons  of  benzoline  in  one  store,  and  permitted  to  keep 
in  an  adjoining  store  33,000  gallons  of  common  petroleum. 
The  Committee  wish  Parliament  to  grant  local,  authorities 
further  powers  to  regulate  the  storage  of  petroleum.” 

Precautions  as  to  the  Management  of  Petroleum 
Tank  Steamships. 

While  accidents  have  occurred  with  petroleum-laden  vessels 
at  sea,  due  to  leakage,  carelessness  with  the  use  of  lights,  &c., 
there  can  be  no  doubt  that  the  chief  risk  of  explosion  or  lire 
with  such  inflammable  cargoes  is  when  the  vessel  is  in  port 
loading  or  discharging ; and  during  these  operations  no  naked 
lights  should  be  permitted  on  board,  and  smoking  should  be 
strenuously  prohibited.  Lights  required  anywhere  near  the 
oil  during  the  operations  of  loading  or  discharging  s iou 
provided  by  means  of  electric  glow  lamps.  Many  serious 
explosions  have  taken  place  on  board  petroleum  ships  after  the 
cargo  has  been  discharged,  due  to  naked  lights  being  intro- 
duced into  the  hold  during  inspections  or  repairs  ; and  even  1 
safety  lamps  were  used,  there  would  still  be  the  risk  of  any 
petroleum  vapour,  which  might  be  present  m certain  pro- 
portions in  the  atmosphere,  exploding  when  repairs 
required  involving  the  use  of  red-hot  rivets.  , 

In  the  report  of  the  Inspectors  of  the  Board  of  I rade  on 
the  explosion  which  took  place  at  Newport,  in  May  189.,  o 
board  the  petroleum  vessel  “ Tancarville,”  it  was  suggested 
that  “when  repairs  require  to  be  carried  out  in  a vessel  wh 
has  been  carrying  petroleum,  there  should  be  a formal  handing 
over  of  the  vesfe!  to  those  by  whom  the  repairs  ate  to  b 
undertaken,  and  a certificate  that  the  tanks  and  al  dangerous 
spaces  have,  so  far  as  practicable,  been  adequately  cleansed  a 
ventilated,  and  rendered  free  from  risk  of  explosion  or  [ire. 

Z,  an,  cause  a complete  certificate  of  this  sort  cannot  be 
g°e„,  then  h should  be  clearly  notified  which  tanks  or  spaces 
have  not  been  cleansed,  and  are  still  dangerous. 
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T hanks  to  the  researches  of  Mr  Boverton  Redwood, 
F.R.S.E.,  and  Professor  Clowes,  and  to  the  system  of  dealing 
with  discharged  petroleum  vessels  now  adopted  by  the  Board 
of  1 rade,  the  risk  of  explosion  of  petroleum  vapours  and  air  is 
reduced  to  a minimum.  By  the  Redwood  system  of  testing,  a 
certificate  is  now  given  as  to  the  freedom  of  the  air  from 
inflammable  vapours  in  discharged  petroleum  vessels  before 
they  are  handed  over  for  repairs  or  reloading,  and  this  method 
of  testing  is  now  carried  out  on  all  petroleum  tank  steam- 
ships that  enter  British  ports.  The  system  of  testing  is  unique, 
sensitive,  and  reliable.  The  following  are  details  of  the 
apparatus  and  instructions  as  to  its  use. 


Instructions  for  the  Use  of  the  Redwood  Ap- 
paratus for  Detecting  Inflammable  Vapours 
on  Board  Petroleum  Tank  Steamships* 

I he  complete  appliances  are  shown  on  page  74.  They 
consist  of  the  lamp  a,  the  reservoir  of  compressed  hydrogen 
b,  and  the  sampling  vessel  c,  in  which  the  sample  of  air  for 
examination  is  collected.  The  lamp  is  shown  in  section  in 
Fig.  2.  a is  the  hydrogen  inlet  tube  with  the  regulating 
valve  b,  and  c is  the  hydrogen  jet.  d is  the  inlet  tube,  for 
the  sample  of  atmosphere  to  be  tested.  The  bore  of  this  tube 
is  greatly  contracted,  and  immediately  above  the  point  at  which 
this  tube  enters  the  base  of  the  lamp  is  an  arrangement  of 
baffles,  surmounted  by  three  discs  of  wire  gauze  of  at  least  28 
wires  per  lineal  inch,  or  not  less  than  784  openings  per  square 
inch  the  flow  of  the  gaseous  mixture  to  the  flame  being  thus 
regulated,  and  passage  of  flame  into  the  collecting  vessel  being 
prevented  The  chimney  e fits  air-tight  at  the  base,  but  is 
capable  of  vertical  movement  on  an  inner  tube,  the  front  of 
"fh,Ch  18  rfmoved  The  chimney  is  partly  of  metal  and  partly 
of  glass,  the  metallic  portion  being  blackened  inside,  and  on 
ie  glass  window  lines  corresponding  with  various  heights  of 
flame  caps  may  be  marked.  The  top  of  the  hydrogen  jet  tube 

Vide  Proc'  InsL  Civil  Engineers,  vol.  cxvi.,  part  ii. 
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is  io  millimetres  (0.4  inch)  below  the  bottom  of  the  window. 
Attached  to  the  base  of  the  lamp  is  a telescopic  support  for  a 
cloth,  which  envelops  the  head  of  the  observer  and  excludes 
light  when  the  testing  apparatus  is  used  in  an  undarkened 
room.  The  construction  of  the  collecting  vessel  is  shown  in 


section  in  Fig.  3.  a is  the  compression  pump,  which  is 
furnished  with  a metallic  spring  piston,  fitting  the  pump 
cylinder  without  the  use  of  leather  or  other  material,  and 
lubricated  with  plumbago.  Surrounding  the  pump  is  an 
annular  space,  in  which  the  sample  of  atmosphere  is  stored. 

13  is  a collar  to  which  may  be  attached  a flexible  suction  tube 
of  any  desired  length,  c is  a cock,  to  which  is  attached  a 
copper  tube  conveying  the  sample  to  the  test  lamp.  1 he  bore  , 
of  this  cock  is  very  much  reduced.  D is  a pressure  gauge,  and 
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E a spring  valve  lifting  at  30  lbs.  pressure,  f f are  hinged 
brackets,  on  which  the  feet  of  the  operator  are  placed  while  the 
pump  is  being  worked.  G is  a handle,  by  which  the  cylinder 
can  be  conveniently  carried.  The  capacity  of  the  pump  is 
14.S4  cubic  inches,  and  of  the 
annular  space  169.14  cubic 
inches,  thirty  double  strokes 
of  the  pump  being  required  to 
charge  the  vessel  to  a pressure 
of  30  lbs.  per  square  inch,  when 
it  will  contain  ^ cubic  foot  of 
the  atmosphere  sampled. 

In  the  use  of  the  apparatus, 
the  first  step  is  to  connect  the 
hydrogen  cylinder  with  the 
lamp,  taking  care  that  the 
unions  are  screwed  up  gas 
tight.  The  sliding  chimney  of 
the  lamp  being  raised  about 
half  way,  the  gas  is  then  cau- 
tiously turned  on  at  the  cylin- 
der, the  regulating  valve  on  the 
lamp  being  left  open,  and  a 
light  is  applied  to  the  hydrogen 
jet.  I he  valve  on  the  hydrogen 
cylinder  is  then  adjusted  so  as 
to  give  a flame  rather  more 
than  10  millimetres  (0.4  inch) 
in  length,  and  the  lamp  chim- 
ney pushed  down  until  there 
is  an  opening  of  only  about 
l inch  in  height  at  the  bot- 
tom. This  opening  is  left 
for  the  supply  of  air  to  the  f.c.  3. 

hydrogen  flame  during  the  few 

minutes  occupied  in  the  warming  of  the  chimney.  As  soon 
e m01slure  which  is  “ condensed  upon  the  cold 
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glass  has  evaporated,  the  lamp  is  ready  for  use,  and  assuming 
the  collecting  vessel  to  have  been  already  charged  with  the 
sample  to  be  tested,  and  connected  with  the  lamp,  aU  that 
remains  is  for  the  observer  to  completely  close  the  sliding 
chimney  of  the  lamp,  adjust  the  hydrogen  flame  by  means  of 
the  regulating  valve  on  the  lamp,  so  that  the  tip  of  the  flame  is 


Fig.  4. 


only  just  hidden  when  the  eye  of  the  observer  is  on  a evel 
with  the  bottom  of  the  window,  place  h.s  head  under  a clot  , 
such  as  used  by  photographers,  so  as  to  exclude  light,  and  j 
soon  as  his  eyes  have  become  sufficiently  sensitive,  tur"  °" 
tap  of  the  collecting  cylinder,  and  carefully  observe  what  ate 
place  in  the  lamp  chimney.  The  tap  may  at  once  be  turned 
on  fully  as  the  contraction  of  the  outlet  and  inlet  orifices, 
already  referred  to,  prevents  the  sudden  rushing  out  of  the 
counts  of  the  cylinder,  and  the  sample  evil,  be  graduafly 
delivered  into  the  test  lamp  during  a period  of  more  t 
minutes,  which  is  ample  time  for  noting  the  effect  c me 
of  delivery  is,  of  course,  a gradually  diminishing  one.  but  that 
is  not  found  to  be  attended  with  any  inconvenience  he  co 
unions  being  the  same  in  each  experiment.  In  this  way  a 
mono  tion  of  vapour,  considerably  below  that  which  rs  required 

e en  o,  the  pmduciion  of  an  inflammable  mixture,  and  I 

lower  than  hat  which  is  needed  .0  give  an  explosive 
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atmosphere,  may  be  detected  by  the  formation  of  a flame  cap 
of  greyish-blue  colour,  which,  though  faint,  is  nevertheless 
easily  seen,  especially  after  a little  practice.  With  an  increase 
in  the  quantity  of  vapour,  the  flame  cap  first  becomes  much 
better  defined,  though  it  is  not  greatly  augmented  in  size,  and 
then  considerable  enlargement  of  the  cap  occurs,  this  condition 
being  arrived  at  before  the  atmosphere  becomes  inflammable. 


Text  of  the  Petroleum  Act,  1879. 

(42  & 43  VlCT.  C.  4 7.) 

1.  This  Act  may  be  cited  as  the  Petroleum  Act,  1879. 

This  Act  shall  be  construed  as  one  with  the  Petroleum  Act, 

1871,  and  together  with  that  Act  may  be  cited  as  the  Petroleum 
Acts,  1871  and  1879. 

2.  Whereas  by  the  Petroleum  Act,  1871,  it  is  enacted  that 
the  term  “petroleum  to  which  this  Act  applies”  means  such  of 
the  petroleum  defined  by  that  Act  as,  when  tested  in  manner 
set  forth  in  Schedule  1 to  that  Act,  gives  off  an  inflammable 
vapour  at  a temperature  of  less  than  100“  of  Fahrenheit’s 
thermometer,  and  it  is  expedient  to  alter  the  said  test : Be  it 
therefore  enacted  that — - 

In  the  Petroleum  Act,  1871,  the  term  “petroleum  to  which 
tins  Act  applies  ” shall  me;tn  such  of  the  petroleum  defined  by 
Section  3 of  that  Act  as,  when  tested  in  manner  set  forth  in 
Schedule  1 to  this  Act,  gives  off  an  inflammable  vapour  at  a 
temperature  of  less  than  73°  of  Fahrenheit’s  thermometer. 

Every  reference  in  the  Petroleum  Act,  1871,  to  Schedule  1 
o that  Act  shall  be  construed  to  refer  to  Schedule  1 to  this 


rW3' , ° the  apParatus  for  teeing  petroleum,  as 

“ "!  m ,6dUle  1 t0  this  Act’  sha11  be  deposited  with 
the  Board  of  trade,  and  the  Board  of  Trade  shall,  on  payment 

0 such  fee  „ot  exceeding  five  shillings,  as  they  from  time  to 
e prescribe,  cause  to  be  compared  with  such  model  and 
verified  every  apparatus  constructed  in  accordance  with  Sche- 
dule 1 to  this  Act  which  is  submitted  to  them  for  the  purpose, 
the  same  is  found  correct  shall  stamp  the  same  with  a 
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mark  approved  of  by  the  Board  and  notified  in  the  London 
Gazette. 

An  apparatus  for  testing  petroleum  purporting  to  he  stamped 
with  the  said  mark  shall,  until  the  contrary  is  proved,  he  deemed 
to  have  been  verified  by  the  Boaid  of  lrade. 

All  fees  under  this  section  shall  be  paid  into  the  Exchequer. 

4.  The  Petroleum  Act,  1871,  shall  continue  m force  until 

otherwise  directed  by  Parliament. 

5.  This  Act  shall  come  into  operation  on  the  31st  day  of 
December  1879,  which  day  is  in  this  Act  referred  to  as  the 
commencement  of  this  Act. 

6.  The  Petroleum  Act,  1871,  shall  be  repealed  after  the 
commencement  of  this  Act  to  the  extent  in  the  third  column 
of  the  Second  Schedule  to  this  Act  mentioned. 

Provided  that  any  sample  of  petroleum  taken  before  t e 
commencement  of  this  Act  shall  be  tested  in  manner  set  fori  1 
in  Schedule  1 to  the  Petroleum  Act,  1871,  and  any  offence 
committed  before  the  commencement  of  this  Act  shall  be  pro- 
secuted, and  any  investigation,  legal  proceeding,  or  remedy  in 
relation  to  such  offence,  or  to  any  act  done  before  the  com- 
mencement of  this  Act,  shall  be  instituted,  carried  on,  and 
have  effect  as  if  the  provisions  of  this  Act,  other  than  those 
continuing  the  Petroleum  Act,  1871,  had  not  been  passed. 


First  Schedule.— Mode  of  testing  Petroleum  so  as  to  ascer- 
tain the  Temperature  at  which  it  will  give  off  Inflammable 
Vapour.  Specification  of  the  Test  Apparatus. 


Second  Schedule.— Act  repealed. 


Year  and  Chapter. 

Title.* 

Extent  of  Repeal. 

34  & 35  Viet.  c.  105. 

The  Petroleum 
Act,  1871. 

Section  three,  from  “and  the 
term  petroleum  to  which 
this  Act  applies  ” inclusive 
to  the  end  of  the  section. 
Section  eighteen. 
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The  following  is  a sketch  of  the  apparatus  and  modus 
operandi  of  the  process  for  the  determination  of  the  flashing 
points  of  light  mineral  oils  as  devised  by  Sir  Frederick  Abel, 
and  set  forth  in  Schedule  i of  the  Petroleum  Act  of  1879  : — 
Specification  of  the  Test  Apparatus  (Fig.  5). — The  oil  cup 
consists  of  a cylindrical  vessel  2 inches  in  diameter  and  2^ 
inches  in  height  (internal),  with  outward  projecting  rim  yU 
inch  wide,  § inch  from  the  top,  and  i|  inch  from  the  bottom 
of  the  cup.  It  is  made  of  gun-metal  or  brass  (17  BAV.G.) 
tinned  inside.  A bracket  consisting  of  a short  stout  piece  of 
wire  bent  upwards,  and  terminating  in  a point,  is  fixed  to  the 
inside  of  the  cup  to  serve  as  a gauge.  The  distance  of  the 
point  from  the  bottom  of  the  cup  is  i|  inch.  The  cup  is 
provided  with  a, close-fitting  overlapping  cover  made  of  brass 
(22  BAV.G.),  which  holds  the  thermometer  and  test  lamp. 
The  latter  is  suspended  from  two  supports  from  the  side  by 
means  of  trunnions,  upon  which  it  may  be  made  to  oscillate ; 
it  is  provided  with  a spout,  the  mouth  of  which  is  inch  in 
diameter.  The  socket  which  is  to  hold  the  thermometer  is 
fixed  at  such  an  angle,  and  its  length  so  adjusted,  that  the  bulb 
of  the  thermometer  when  inserted  to  its  full  depth  shall  be 
inch  below  the  centre  of  the  lid. 

The  cover  is  provided  with  three  square  holes,  one  in  the 
centre  -/<j-  inch  x inch,  and  two  smaller  ones  y'U  inch  x AL 
inch  close  to  the  sides  and  opposite  each  other.  These  three 
holes  may  be  closed  and  uncovered  by  means  of  a slide  moving 
in  grooves,  and  having  perforations  corresponding  to  those  on 
the  lid. 

In  moving  the  slide  so  as  to  uncover  the  holes,  the  oscillat- 
ing lamp  is  caqght  by  a pin  fixed  in  the  slide  and  tilted  in  such 
a way  as  to  bring  the  end  of  the  spout  just  below  the  surface  of 
the  lid.  Upon  the  slide  being  pushed  back  so  as  to  cover  the 
holes,  the  lamp  returns  to  its  original  position. 

Upon  the  cover,  in  front  of  and  in  line  with  the  mouth  of 
the  lamp,  is  fixed  a white  bead,  the  dimensions  of  which  repre- 
sent the  size  of  the  test  flame  to  be  used. 

The  bath  or  heated  vessel  (see  Fig.  5)  consists  of  two  flat- 
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bottomed  copper  cylinders  (24  B.W.G.),  an  inner  one  of  3 inches 
in  diameter  and  2J  inches  in  height,  and  an  outer  one  5^  inches 
in  diameter  and  5f  inches  in  height;  they  are  soldered  to  a 
circular  copper  plate  (20  B.W.G.)  perforated  in  the  centre, 
which  forms  the  top  of  the  bath  in  such  a manner  as  to  enclose 
the  space  between  the  two  cylinders,  but  leaving  access  to  the 


U Water  bath  E Thermometer.  K Spirit  lamp 

A Oil  cup.  G Oscillating  lamp.  F Flame  gauge. 

C Gauge.  I Air  chamber.  tunnel. 

H Thermometer. 

inner  cylinder.  The  top  of  the  bath  projects  both  outwards 
and  inwards  about  f inch,— that  is,  its  diameter  is  about  £ inch 
greater  than  that  of  the  body  of  the  bath,  while  the  diameter 
of  the  circular  opening  in  the  centre  is  about  the  same  amount 
less  than  that  of  the  inner  copper  cylinder.  To  the  inner  pro- 
jection of  the  top  is  fastened,  by  six  small  screws,  a flat  ring  0 
ebonite,  the  screws  being  sunk  below  the  surface  of  the  ebonite 
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to  avoid  metallic  contact  between  the  bath  and  the  oil  cup. 
The  exact  distance  between  the  sides  and  bottom  of  the  bath 
and  of  the  oil  lamp  is  | inch.  A split  socket,  similar  to  that 
on  the  cover  of  the  oil  cup,  but  set  at  a right  angle,  allows  a 
thermometer  to  be  inserted  into  the  space  between  the  two 
cylinders.  The  bath  is  further  provided  with  a funnel,  an  over- 
flow pipe,  and  two  loop  handles.  The  bath  rests  upon  a cast- 
iron  tripod  stand,  to  the  ring  of  which  is  attached  a copper 
cylinder  or  jacket  (24  B.W.G.),  flanged  at  the  top,  and  of  such 
dimensions  that  the  bath  while  firmly  resting  on  the  iron  ring 
just  touches  with  its  projecting  top  the  inward  turned  flange. 
The  diameter  of  this  outer  jacket  is  6^  inches.  One  of  the 
three  legs  of  the  stand  serves  as  a support  for  the  spirit  lamp, 
attached  to  it  by  means  of  a small  swing  bracket.  The  distance 
of  the  wick-holder  from  the  bottom  of  the  bath  is  1 inch.  Two 
thermometers  are  provided  with  the  apparatus,  the  one  for 
ascertaining  the  temperature  of  the  bath, 'the  other  for  deter- 
mining the  flashing  point. 

The  thermometer  for  ascertaining  the  temperature  of  the 
water  has  a long  bulb,  and  a space  at  the  top  ; its  range  is  from 
about  90  to  190°  F.  The  scale  (in  degrees  of  Fahrenheit)  is 
marked  on  an  ivory  back,  fastened  to  the  tube  in  the  usual 
way.  It  is  fitted  with  a metal  collar  fitting  the  socket,  and  a 
part  of  the  tube  below  the  scale  should  have  a length  of  about 
3^  inches,  measured  from  the  lower  end  of  the  scale  to  the  end 
of  the  bulb  The  thermometer  for  ascertaining  the  temperature 
of  the  oil  is  fitted  with  collar  and  ivory  scale  in  a similar 
manner  to  the  one  described.  It  has  a round  bulb,  a space  at 
the  top,  and  ranges  from  about  50°  to  ico0  F.  It  measures 
from  end  of  ivory  back  to  bulb  2±  inches. 

Note.— A model  apparatus  is  deposited  at  the  Weights  and 
Measures  Department  of  the  Board  of  Trade. 

Directions  for  Applying  the  Plashing  Test.— (1.)  The 
test  apparatus  is  to  be  placed  for  use  in  a position  where  it  is 
not  exposed  to  currents  of  air  or  draught. 

(2.)  The  heating  vessel  or  water  bath  is  filled  by  pouring 
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water  into  the  funnel  until  it  begins  to  flow  out  at  the  spout  of 
the  vessel.  The  temperature  of  the  water  at  the  commence- 
ment of  the  test  is  to  be  about  130°  F.,  and  this  is  attained  in 
the  first  instance  either  by  mixing  hot  and  cold  water  in  the 
bath,  or  in  a vessel  from  which  the  bath  is  filled  until  the 
thermometer  which  is  provided  for  testing  the  temperature  of 
the  water  gives  the  proper  indication  ; or  by  heating  the  water 
with  the  spirit  lamp  (which  is  attached  to  the  stand  of  the 
apparatus)  until  the  required  temperature  is  indicated.  If  the 
water  has  been  heated  too  highly,  it  is  easily  reduced  to  130° 
F.  by  pouring  in  cold  water  little  by  little  (to  replace  a portion 
of  the  warm  water)  until  the  thermometer  gives  the  proper 
reading.  When  the  test  has  been  completed,  this  water-bath  is 
again  raised  to  130°  F.  by  placing  the  lamp  underneath,  and 
the  result  is  readily  obtained  while  the  petroleum  cup  is  being 
emptied,  cooled,  and  refilled  with  a fresh  sample  to  be  tested. 
The  lamp  is  then  turned  on  its  swivel  from  under  the  apparatus, 

and  the  next  test  is  proceeded  with. 

(3.)  The  test  lamp  is  prepared  for  use  by  fitting  it  with  a 
piece  of  flat-plaited  candle  wick,  and  filling  it  with  colza  or 
rape  oil  to  the  lower  edge  of  the  opening  of  the  spout  or  wick 
tube.  The  lamp  is  trimmed  so  that  when  lighted  it  gives  a 
flame  of  about  0.15  of  an  inch  in  diameter,  and  this  size  of 
flame,  which  is  represented  by  the  projecting  white  bead  on  the 
cover' of  the  oil  cup,  is  readily  maintained  by  simple  manipula- 
tion from  time  to  time  with  a small  wire  trimmer.  When  gas  is 
available  it  may  be  conveniently  used  in  place  of  the  little  oil 
lamp,  and  for  this  purpose  a test  flame  arrangement  for  use 

with  gas  may  be  substituted  for  the  lamp. 

(4  ) The  bath  having  been  raised  to  the  proper  temperature, 
the  oil  to  be  tested  is  introduced  into  the  petroleum  cup,  being 
poured  in  slowly  until  the  level  of  the  liquid  just  reaches  the 
point  of  the  gauge  which  is  fixed  in  the  cup.  In  warm  weather 
the  temperature  of  the  room  in  which  the  samples  to  be  teste 
have  been  kept  should  be  observed  in  the  first  instance,  and  if 
it  exceeds  65°  F.  the  samples  to  be  tested  should  be  cooled 
down  (to  about  6o°  F.)  by  immersing  the  bottles  containing 
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them  in  cold  water,  or  by  any  other  convenient  method.  The 
lid  of  the  cup  with  the  .slide  closed  is  then  put  on,  and  the  cup 
is  placed  into  the  bath  or  heating  vessel.  The  thermometer  in 
the  lid  of  the  cup  has  been  adjusted  so  as  to  have  its  bulb  just 
immersed  in  the  liquid,  and  its  position  is  not  under  any 
circumstances  to  be  altered.  When  the  cup  has  been  placed 
m the  proper  position,  the  scale  of  the  thermometer  faces  the 
operator. 

(5.)  Ihe  test  lamp  is  then  placed  in  position  upon  the  lid 
of  the  cup ; the  head  line  or  pendulum,  which  has  been  fixed 
in  a convenient  position  in  front  of  the  operator,  is  set  in 
motion;  and  the  rise  of  the  thermometer  in  the  petroleum  cup 
is  watched.  When  the  temperature  has  reached  about  60°  F., 
the  operation  of  testing  is  to  be  commenced,  the  test  flame 

being  applied  once  for  every  rise  of  i°  F.  in  the  following 
manner : — 

I he  slide  is  slowly  drawn  open  while  the  pendulum  performs 
three  oscillations,  and  is  closed  during  the  fourth  oscillation. 

Note.  If  it  is  desired  to  employ  the  test  apparatus  to 
determine  the  flashing  points  of  oils  of  very  low  volatility,  the 
mode  of  proceeding  is  to  be  modified  as  follows 

"1  he  air  chamber  which  surrounds  the  cup  is  filled  with  cold 
water  to  a depth  of  i|  inches,  and  the  heating  vessel  or  water 
bath  is  filled  as  usual,  but  also  with  cold  water.  The  lamp  is 
then  placed  under  the  apparatus  and  kept  there  during  the 
entire  operation.  If  a very  heavy  oil  is  being  dealt  with,  the 
operation  may  be  commenced  with  water  previously  heated  to 
120  F.,  instead  of  with  cold  water. 


MINERAL  LUBRICATING  OILS. 

Synonyms .-Vacuum  Oil,  Valvoline  Globe  Oil,  Ragosine 
°il,  Vulcan  Oil,  Oleonaphtha,  Hydrocarbon  Oil,  and  many 
other  fancy  names.  7 

Source.  1 he  principal  sources  of  these  oils  are  from  crude 
petroleum,  and  from  the  tar  obtained  from  bituminous  shale,  and 
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are  generally  obtained  from  the  fraction  that  distils  between  the 
burning  oils  and  paraffin  wax  or  petroleum  residuum  or  astatki. 
The  percentage  of  this  distillate  varies  from  5 to  90  per  cent., 
depending  upon  the  nature  of  the  original  crude  oil.  In  some 
instances  the  oil  can  be  used  for  lubrication  in  its  natural  state, 
and  in  others  the  more  volatile  oils  are  distilled  off,  and  the 
residue  utilised  for  the  purpose,  the  residue  being  treated  with 
charcoal  and  other  purifying  agents. 


Characters.— Mineral  or  hydrocarbon  lubricating  oils 
have  a specific  gravity  ranging  from  .850  to  .925.  They  vary 
greatly  in  body  or  viscosity.  Some  are  as  thin  as  water,  and 
others  are  semi-solid  at  the  ordinary  temperature.  After  having 
undergone  chemical  treatment,  some  of  the  oils  are  odourless, 
while  others  have  a strong  characteristic  smell.  They  vary  in 
colour  from  yellow  through  shades  of  red  brown  to  black.  1 
Some  are  clear  and  transparent,  and  others  quite  opaque. 
They  vary  in  flash  points  from  200°  F.  to  500°  F.  The  boiling 
points  also  vary  greatly.  They  generally  exhibit  a strong  blue 
or  green  fluorescence.  They  are  insoluble  in  water,  alcohol, 
acids,  and  alkalies,  but  ether,  benzol,  and  petroleum  spirit  are 
miscible  in  all  proportions.  Application  of  heat  greatly  in- 
creases the  fluidity  of  these  oils,  and  cold  on  the  other  hand 
increases  the  viscosity  or  body.  Some  mineral  lubricating  oils 
from  Baku  require  so  low  a temperature  as  -20  F.  before 
they  become  congealed,  while  others  are  nearly  solidified  at 
the  ordinary  temperature.  Bloomless  oils  distilled  from  sha 
generally  deposit  solid  paraffin  when  exposed  to  about  ib  l. 

■Qses  — The  class  of  use  these  oils  are  put  to  depends 
upon  the  nature  of  the  lubrication  required.  The  lightest 
or  most  fluid  oils  are  used  for  light  machinery,  such  as  sewing 
machines,  spindles,  clockwork,  &c.  The  intermediate  oils  for 
locomotive  bearings,  tool  machines,  light  axle  bearings,  , c ■, 
and  the  heavier  or  thickest  oils  for  cylinders,  valves,  and  heavy 

^“Mineral  oils  are  sometimes  mixed  with  vegetable  or  animal 
oils  for  lubricating  purposes. 
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Mineral  oil  is  now  much  used  in  preference  to  fatty  oils  for 
lubrication,  since  they  have  practically  no  corrosive  action 
upon  bearings,  &c. 

VASELENE. 

Synonyms.  Petroleum  Jelly , Soft  Paraffin , Vaseline, 
Vaseline  Tallow , Ozokerine,  Fossiline,  Chrysine,  Cosmollne , 
Saxolene,  Geoline,  Petrolina,  <Pc. 

Source.— Vaselene  is  not  a distilled  product,  but  during 
the  distillation  of  crude  petroleum  the  process  is  arrested  after 
the  greater  part  of  the  oil  has  been  removed,  the  residue  is 
treated  with  sulphuric  acid  and  superheated  steam,  and  then 
filtered  through  animal  charcoal. 

Characters.— Vaselene  is  colourless,  or  pale  yellow,  odour- 
less, tasteless,  translucent,  fluorescent,  semi-solid.  The  inferior 
varieties  have  a dark  greenish  or  brownish  colour.  It  has  a 
melting  point  ranging  from  104°  to  122°  F,  and  a specific 
gravity  at  212  F.  of  from  .803  to  .855  (water=i  at  6o°  F.). 

consists  principally  of  the  hydrocarbons  of  the  paraffin  series 
and  a so  a tolerable  amount  of  olefins.  It  is  insoluble  in  water’ 
and  slightly  soluble  in  alcohol.  It  is  soluble  in  ether,  chloro- 
form benzol,  turpentine,  and  carbon  disulphide.  It  is  inflam 
mable  at  high  temperatures. 

"Ft  ° t‘UbriT'  and  1,5  a constituent  of  various 
treases.  It  is  extensively  used  in  pharmacy  as  a protection 

to  wounds  and  sore  parts,  and  is  a desirable  base  for  many 
ointments.  It  is  also  used  as  a pomade. 

PETROLEUM  RESIDUUM. 

Synonym. — Asiatki. 

Source. — The  material  is  the  residue  left  .1 
after  the  completion  of  distillation  of  crude  petroleum.  * 

wh«?ara°terS'~The  consistency  of  this  body  depends  as  to 
hat  tem'«ature  the  distillation  of  the  petroleum  was  arrested 
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Some  distillers  continue  the  process  until  the  residue  is  coked, 
others  until  a pitch  is  obtained.  The  residue  produced  by  the 
Russian  producers,  and  known  as  astalkl,  is  tolerably  flui 
at  the  ordinary  temperature.  By  subjecting  this  product  to 
distillation,  it  will  yield  various  qualities  of  burning  oil,  lubri- 
cating oil,  paraffin  scale,  and  pitch.  rIhe  Baku  residue  is  a 
black,  tarry-looking  liquid,  with  a peculiar  odour,  rhe  flash 
point  of  the  residuum  varies  according  to  the  extent  of fi  lia- 
tion, but  is  generally  above  3oo*  F.  It  burns  when  kindled, 

with  a smoky  flame. 

XjSes  —Is  a constituent  of  railway  truck  grease,  some 
varieties  of  which  contain  40  to  50  per  cent.  It  is  also  largely 
used  as  a liquid  fuel  for  burning  under  locomotive  and  station- 
ary boilers  in  the  localities  where  produced,  and  experiments 
are  being  made  in  this  country  on  the  Great  Eastern  Railway 
tcT ascertain  if  it  would  pay  to  import  it  to  compete  with  coal. 
It  is  feared,  however,  that  the  price  is  prohibitive. 


PARAFFIN  WAX. 

Synonyms. — Paraffin,  Solid  Paraffin. 

Source.-ls  found  native  in  certain  bituminous  strata  and 
in  the  coal  measures,  and  known  as  fossil  wax,  liachettin 
ozokerite  and  exists  in  shale  tar,  certain  crude  petroleums,  Ur 

from  cannel  coal,  &c„  from  which  it  may  be  obt^"e  y K 
distil, ing  off  the  more  volatile  oils,  and  exposing  the  residue  to 
_ low  temperature.  Paraffin  is  thus  precipitated,  and  which 
a ' ^ separated  from  the  more  liquid  paraffins  by  pressing 

. , h!L  This  solid  is  known  in  commerce  as  paraffin 

d fs'  subjected  to  purification  before  fit  for  candle- 

making. 

Characters. — Paraffin,  when  pure  is  a 
.asteiess,  and  -on.  ff 

nmnto'of  Baffin  -d  olefin  hydrocarbons.  When  ignited  it 
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burns  with  a bright  flame,  which  is  practically  smokeless. 
The  specific  gravity  of  this  body  may  vary  from  .824  to  .940, 
and  the  melting  point,  which  varies  from  89°  to  1 76°  F.,  increases 
with  the  gravity.  It  is  insoluble  in  water  and  alcohol,  but  is 
easily  dissolved  by  ether,  petroleum  spirit,  mineral  naphtha, 
kerosene,  and  benzol. 

Uses. — This  important  body  is  produced  on  a very  large 
scale  from  shale  oil,  for  the  manufacture  of  composite  or 
paraffin  candles,  and  for  which  purpose  it  is  generally  mixed 
with  from  5 to  15  per  cent,  of  stearic  acid  to  increase  its 
hardness  and  melting  point.  Wax  matches  and  tapers  also 
consume  much  paraffin. 


(0.)  FIXED  OILS  AND  FATS. 


Source. — These  are  naturally  occurring  bodies  in  plants 
and  terrestrial  and  marine  animals.  Their  extraction  from 
vegetable  tissues  is  brought  about  by  boiling  the  crushed, 
oleaginous  material  with  water,  or  subjecting  it  to  great 
pressures.  In  some  cases  the  oil  or  fat  is  dissolved  out  by 
carbon  bisulphide  or  petroleum  spirit,  which  on  distillation 
leaves  the  oils  as  a residuum.  They  are  extracted  from 
animal  tissues  in  a somewhat  similar  manner. 


Characters.  — The  fixed  oils  and  fats  at  the  ordinary 
temperature  are  liquid  or  solid,  greasy  or  unctuous  bodies, 
possessing  odours  and  tastes  characteristic  of  their  origin. 
They  vary  in  colour  from  water  white  or  pale  yellow  through 
shades  of  dark  yellow,  red  to  dark  brown.  These  bodies  do 
not  give  off  inflammable  vapours  at  the  ordinary  temperature 
and  require  considerable  heat  to  ignite  them,  but  once  they 
are  kindled  they  burn  fiercely,  giving  off  acrid  vapours.  The 
specific  gravities  of  the  oils  and  fats  vary  from  .808  to  .970 
They  are  thus  all  lighter  than  water.  They  have  no  fixed 
boiling  point,  but  when  heated  to  high  temperatures,  such  as 
, they  Compose,  giving  rise  to  various  gaseous,  liquid 
and  solid  compounds.  On  being  subjected  to  distillation  with 
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superheated  steam,  they  are  decomposed  into  fatty  acids  and 
the  triatomic  alcohol  glycerin.  They  are  insoluble  in  water, 
difficultly  soluble  in  hot  alcohol,  but  are  dissolved  readily  by 
ether  benzol,  chloroform,  bisulphide  of  carbon,  turpentine, 
naphtha  &c.  All  the  fixed  oils  and  fats  are  miscible  with 
each  other.  On  exposure  to  the  atmosphere  for  some  time, 
many  of  the  oils  absorb  considerable  quantities  of  oxygen,  and 
are  thickened  owing  to  the  formation  of  resinous  bodies. 
Such  oils  are  termed  drying  oils , and  are  extensively  used  for 
varnishes,  & c.,  the  following  being  the  more  important:  lin- 
seed, walnut,  hempseed,  and  poppyseed  oils.  'I  hose  oils 
which  do  not  absorb  any  notable  quantity  of  oxygen  from  the 
air  are  termed  non-drying  oils,  and  are  represented  by  olive 
almond,  and  rapeseed  oils.  In  chemical  const, union  all 
vegetable  or  animal  oils  and  fats  cons.st  of  ethers  of  the 
various  higher  fatty  acids,  and  called  glycerides  or  glycyl 
ethers  On  heating  with  caustic  alkalies  (potash,  soda,  lime, 
or  ammonia),  the  oils  arid  fats  are  decomposed,  the  process 
being  termed  saponification,  glycerin  is  produced,  and  tl 
fatty  acid  also  formed  combines  with  the  alkah  forming  soap, 
the  whole  being  soluble  in  alcohol  or  water,  except  when  lime 
is  used.  Most  of  the  oils  and  fats  have  some  characteristic 
glyceride  predominating.  Thus  olein  the  glyceride  of  otac 
acid  is  the  principal  constituent  of  olive,  almond,  and  lard 
oris ; and1  riciaoiein,  the  glycerides  of  mole, c and 

ricinoleic  acids,  are  those  characteristic  of  linseed  and  c 
nils  • tmlmitin  the  glyceride  of  palmitic  acid,  P 1 
?ldt “in  oil  ; and  stearin,  die  glyceride  of  s.earic  add,  H 

characteristic  of  beef  and  mutton  fat  (tallow). 


The  following  tables  in  groups  give  the  Sources,  Characters,  and  Uses  of  the  Various  Vegetable 

and  Animal  Oils,  Fats,  and  Waxes.* 
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DANGEROUS  GOODS. 


X.— SPERM  OIL  GROUP.  Liquid  Waxes. 


Kind  of  Oil. 

Source. 

Specific  Gravity 
at  6o°  F. 

Uses. 

Sperm  oil 

Doeling  oil  or 
bottlenose  oil 

Dolphin  oil  - 

Blubber  and  cranial 
cavities  of  Physeter 
macrocephalus 
Blubber. &c. , Hyper- 
oodon  roslratu.mnA 
H.  bidens 

Blubber, &c.,ofZW- 
phinus  globiceps 

.875  to  .884 
.876  to  .881 
.922 

Lubrication  of  light 
machinery,  harden- 
ing of  steel  weapons 
Substitute  for  and 
adulteration  of 

sperm  oil. 

Do. 

XI.— SPERMACETI  GROUP.  Waxes  Proper. 

The  bodies  which  come  under  this  group  are  spermaceti, 
beeswax,  Chinese  wax;  opium  wax,  palm  wax,  Carnaiiba  or 
Brazil  wax.  They  have  specific  gravities  ranging  from  .80S  to 
.842,  and  have  melting  points  ranging  from  no°  F.  to  185°  F. 
These  substances  are  difficultly  inflammable,  but  burn  rapidly 
when  kindled. 


Flash  Points  of  the  Fixed  Oils. 


Kind  of  Oil. 

Flash  Point  ° F. 

Fish  Oils  — 

Sperm 

Whale 

Vegetable  Oils — 

Olive 

Castor 

English  cottonseed  - 
American  cottonseed  - 

Stettin  rape  - 
English  rape  - 
Lisbonseed  - 

Groundnut  - 

Animal  Oils — 

Lard 

Tallow,  Neatsfoot  (American)  - 

520°  to  530° 
590°  to  595° 

550°  to  570° 
540°  to  545 

575°  to  5S5° 
over  600 

57S° 
560°  to  580 
5 1 50  to  520° 
560°  to  570 

575°  590° 

525°  to  535 

INFLAMMABLE  LIQUIDS. 
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(D.)  ESSENTIAL  OR  VOLATILE  OILS. 

Source. — -These  substances  are  present  in  more  or  less 
quantity  in  all  odoriferous  plants,  from  which  they  are  extracted 
by  the  following  processes  : — 

(i.)  By  subjecting  the  plant  or  seeds,  &c.,  to  pressure. 

(2.)  By  distillation  with  water,  or  passing  steam  over 
the  crushed  material  and  condensing. 

(3.)  Some  oils,  such  as  the  essential  oils  of  mustard  and 
bitter  almonds,  do  not  pre-exist  in  the  seeds  of 
the  plants,  but  are  produced  by  fermentation,  and 
afterwards  separated  by  process  (2). 

(4.)  By  dissolving  out  the  oil  of  the  substance  by  an 
inodorous  fixed  oil , such  as  oil  of  ben  or  poppy 
oil. 

Characters. — Essential  oils  are  generally  of  a yellowish 
colour,  but  darken  considerably  on  exposure  to  light  or  air. 
The  chemical  constitution  of  them  varies  considerably.  Some 
consist  principally  of  the  hydrocarbons  terpenes  (C10H]U), 
cedrenes  (Ci6H24),  and  their  allied  oxidised  products,  while 
others  consist  chiefly  of  aromatic  aldehydes  and  allied  bodies, 
ethereal  salts,  &c.  They  are  somewhat  volatile  at  the 
ordinary  temperature,  giving  marked  odours  characteristic  of 
their  source.  They  are  very  inflammable,  and  rapidly  absorb 
oxygen  from  the  air.  Ihey  vary  in  specific  gravities  from 
0.850  to  1. 1 6.  Water  dissolves  traces  of  essential  oils  retaining 
their  odours.  They  are  readily  soluble  in  alcohol,  ether, 
petroleum  spirit,  and  carbon  bisulphide.  Unlike  the  fixed 
oils  and  fats,  they  are  not  generally  converted  into  soaps  or 
saponified  by  alkalies.  They  are,  however,  decomposed  by 
sulphuric  and  nitric  acids. 

Uses. —Perfumes,  scented  toilet  soaps,  medicine. 

1 he  following  is  a list  of  the  more  important  essential  oils, 
with  their  specific  gravities  : — 
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DANGEROUS  GOODS. 


Name  of  Oils. 

Specific  Gravity. 

Oil  of  bitter  almonds  - 

.960 

,,  amber  rect. 

.858 

,,  angelica  root 

.898 

„ anise,  Russian  - 

.98  l 

„ „ very  old  - 

.890 

„ ,,  star,  fresh  - 

.976 

„ bergamot 

•875 

,,  cajeput  - 

.920 

,,  calamus  - 

.920  to  .940 

,,  cardamom 

.980 

,,  caraway  - 

•945 

,,  „ old 

•955 

,,  cloves  - 

1.060 

,,  copaiba  - 

.920 

,,  coriander 

.880 

„ cubebs  - 

•945 

_ _ - 

.920 

yy  yy 

» diu 

.880 

,,  eucalyptus 

.900 

,,  fennel 

.990 

„ Juniper  berries  - 

.850 

„ lavender 

.890 

„ old  - 

.888 

„ lemon  - 

O 

oo 

j t 

,,  mace 

•S95 

,,  marjoram 

.901 

,,  neroli 

.870 

„ orange,  sweet 

.850 

„ .,  bitter  - 

.876 

„ parsley  - 

•95° 

,,  peppermint 

•9r5 

„ „ very  old 

•925 

,,  rose 

.860 

,,  rosemary,  French 

.894 

,,  Italian 

•9°4 

>>  >> 
„ rue 

.890 
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Oil  of  savin 


Name  of  Oils. 


sage 

santal 

thyme  - 

turpentine 

verbena 

winter-green 

wormseed,  Levant 

wormwood  (absinthe) 


.9S0 

■*$95 

.890 

•895 

1.158 


(chenopod) 


•965 

.960 


OIL  OF  TURPENTINE. 


Synonyms. — Turps,  Spirit  of  Turpentine , Turpentine , 
Oleum  Terebinthinte,  Cl0iiUi. 

Source.— Oil  of  turpentine  is  obtained  from  the  oleo- 
resinous  exudations  from  the  wood,  bark,  and  leaves  of  pine 
and  fir  trees.  By  distillation,  the  substance  yields  from  10  to 
25  per  cent,  of  turpentine,  which  is  further  purified,  and  the 
residuum  being  common  rosin  or  colophony.  The  countries 
supplying  the  principal  part  of  the  oil  are  France,  America, 
and  Russia. 

Characters.— Tu re  turpentine  is  a volatile,  colourless, 
pleasant  smelling  liquid  hydrocarbon,  of  a pungent  bitter  taste. 
It  has  a specific  gravity  of  .864  to  .870,  and  gives  off  inflammable 
vapour  at  about  930  F.  It  begins  to  boil  at  between  3130  F. 
and  320  F.,  and  is  completely  distilled  at  about  338°  F.  Oil 
of  turpentine  is  very  inflammable,  and  burns  with  a very 
smoky  flame.  It  is  insoluble  in  water,  but  readily  soluble  in 
alcohol,  ether,  benzol,  naphtha,  fixed  and  essential  oils.  It  is 
a solvent  for  sulphur,  phosphorus,  resins,  and  fats.  It  is  anti- 
septic and  disinfectant,  and  on  exposure  to  the  air  it  oxidises 
forming  camphoric  peroxide.  “ Sanitasf  the  well-known  dis- 
infectant, is  produced  by  passing  air  through  warm  tumentinP 
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Venice  turpentine  is  a mixture  of  8 parts  of  common  yellow 
or  black  rosin  with  5 parts  of  oil  of  turpentine. 

Strasburg  turpentine  is  obtained  from  the  silver  fir,  and  is 
usually  of  a yellowish-brown  colour. 

XJSes. — Turpentine  is  extensively  used  as  a solvent  and 
diluent  for  varnishes,  paints,  &c.,  for  the  production  of  “ Sanitas , 
and  in  medicine  it  is  much  in  demand  as  a liniment  for  inflam- 
matory diseases  such  as  bronchitis. 


(E.)  VARIOUS  HIGHLY  INFLAMMABLE 

LIQUIDS. 

ACETONE. 

Synonyms. — Dimethyl  Ketone , Pyroacetic  Spirit,  C3ff0O. 

Source.— This  substance  is  produced  when  the  vapour  of 
acetic  acid  is  passed  through  a red-hot  tube,  or  by  subjecting 
metallic  acetates  to  destructive  distillation. 

Characters. — Acetone  is  a colourless  limpid  liquid  of 
characteristic  odour.  It  has  a specific  gravity  of  0.792,  and 
boils  at  1320  F.  It  is  highly  inflammable,  its  vapour  igniting 
at  the  ordinary  temperature,  burning  with  a bright  flame.  It 
is  readily  soluble  in  water,  alcohol,  and  ether. 

Uses. — As  a solvent  for  resins,  gums,  and  camphors. 


BISULPHIDE  OF  CARBON. 

Synonyms.  — Disulphide  of  Carbon , Carbonic  Disulphide, 
Sulpho- Carbonic  Acid,  CS2. 

Source.— Bisulphide  of  carbon  of  commerce  is  prepared 
by  passing  the  vapour  of  sulphur  through  red-hot  charcoal 
contained  in  a metallic  cylinder.  The  sulphur  vapour  combine, 
with  the  charcoal,  forming  gaseous  bisulphide  of  carbon 
is  drawn  off  into  cylindrical  drums,  kept  cool  with  water,  . 
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then  condensed  and  drawn  off  into  receptacles  from  time  to 
time,  and  afterwards  redistilled. 


Characters. — Bisulphide  of  carbon,  when  pure,  is  a very 
refractive,  colourless,  and  volatile,  mobile  liquid,  with  a specific 
gravity  of  1.272  at  600*  F.,  and  a molecular  weight  of  76,  and 
vapour  density  of  2.626.  It  boils  at  118°  F.  Its  percentage 
composition  is  carbon,  15.79;  sulphur,  84.21.  It  is  a very 
inflammable  liquid,  and  burns  with  a blue  flame,  with  the 
production  of  carbon  dioxide  and  sulphur  dioxide.  When 
its  vapour  is  mixed  with  air,  hydrogen,  or  carbonic  acid,  a 
highly  explosive  gas  is  produced.  A mixture  of  air  and  the 
bisulphide  vapour  explodes  at  so  low  a temperature  as  300°  F. 
Great  care  is  therefore  necessary  in  dealing  with  this  substance, 
especially  in  the  prevention  of  leaks  in  the  vessels  containing 
it.  For  special  conditions  for  its  conveyance,  see  page  325. 

Although  carbon  bisulphide,  when  absolutely  pure,  is 
practically  odourless,  the  commercial  variety  has  a most 
repulsive  odour,  due  to  the  presence  of  small  quantities  of 
sulphuretted  impurities.  Its  vapour  is  very  poisonous.  When 
breathed,  it  produces  great  depression  and  nausea,  and 
eventually  coma.  It  is  practically  insoluble  in  water,  in  which 
it  sinks,  being  about  r \ times  as  heavy.  It  is  freely  soluble 
in  alcohol  and  ether,  and  is  a solvent  for  essential  oils,  sulphur, 
phosphorus,  iodine,  and  various  gums  and  resins.  On  exposure 
to  sunlight,  the  bisulphide  deposits  a reddish  powder,  which 
appears  to  be  a monosulphide  of  carbon  (CS). 


Uses.— The  applications  of  carbon  bisulphide  in  the  arts 
are  important  and  extensive.  It  is  largely  used  for  the  solution 
and  vulcanisation  of  caoutchouc  and  guttapercha,  for  the 
extraction  of  alkaloids  such  as  quinine,  the  oleaginous  and 
aromatic  constituents  of  flowers,  spices,  seeds,  roots,  &c  It 
iS  an  excellent  germicide  and  insecticide,  and  advantage  is 
aken  of  this  property  to  destroy  germs  and  insects  that  some, 
mes  infect  gram,  seeds,  &c.  A small  quantity  of  the  liquid 
s sprinkled  over  the  grain  contained  in  an  air-tight  room. 
After  exposure  for  a few  hours,  all  organisms  are  destroyed, 
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after  which  the  bisulphide  is  readily  evaporated  on  exposure 
to  the  air,  the  grain  suffering  no  damage  from  the  treatment. 


CHLOROFORM. 


Synonyms. — Trichlormcthane , Chloroformum , C11CIV 

Source.  — Chloroform  may  be  obtained  by  heating  chloral 
with  an  aqueous  solution  of  potassium  hydrate  {caustic  potash). 
It  is,  however,  generally  prepared  for  commerce  by  distillating 
a mixture  of  alcohol,  water,  and  chloride  of  lime  ( bleaching 
powder),  and  the  resulting  distillate  of  chloroform  rectified. 

Characters. — This  important  anaesthetic  is  a thin,  colour- 
less, ethereal  smelling  liquid,  with  a molecular  weight  of  1 19.5. 
It  is  1.48  times  as  heavy  as  water,  and  boils  at  142  F.  It  has 
a sweet  taste,  and  inflames  when  mixed  with  alcohol,  and  burns 
with  a greenish  flame.  It  is  slightly  soluble  in  water,  but  is 
readily  soluble  in  alcohol  and  ether.  A little  alcohol  is  generally 
added  to  chloroform  to  preserve  it  from  decomposition,  because 
in  the  pure  state  it  soon  becomes  acid  and  gives  off  irritating 
vapours. 


Uses, — As  a solvent  for  oils  and  fats.  In  medicine,  an 
aqueous  solution  containing  1 of  chloroform  to  200  of 
water,  and  known  as  aqua  chloroformi,  is  given  internally  in 
doses  from  | to  2 fluid  ounces,  as  a stimulant  and  for 
mixing  with  nauseous  drugs.  The  principal  use  of  chloroform 
is  as  an  anaesthetic,  the  inhalation  of  its  vapour  having  the 
remarkable  effect  upon  the  animal  system  of  making  it  insen- 
sible to  pain,  so  that  surgical  operations,  amputations,  &c.,  can 
be  performed  without  pain  when  the  patient  is  under  its 

influence. 


ETHER. 

Synonyms. — Ethyhc  Ether , Sulphuric  Et/ut,  .Lt/ur, 
Methylated  Ether , 
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Source. — This  compound  is  prepared  by  distilling  equal 
parts  of  alcohol  and  sulphuric  acid  in  a retort,  and  collecting 
the  distillate  of  ether  in  a cool  receiver.  The  distillation  is 
stopped  as  soon  as  the  contents  of  the  retort  begin  to  blacken 
and  froth.  The  ether  is  purified  by  redistilling  with  caustic 
soda  at  a gentle  heat. 

Characters. — Pure  ether  is  a very  thin,  colourless,  volatile, 
transparent,  fragrant,  and  mobile  liquid.  It  has  a molecular 
weight  of  74,  and  is  much  lighter  than  water,  its  specific  gravity 
being  0.720.  It  has  a burning  taste,  and  is  highly  inflammable, 
its  flame  being  white.  It  gives  off  inflammable  vapour  at  the 
ordinary  temperature,  and  boils  at  96°  F.  Although  ether  is 
such  a light  liquid,  its  vapour  is  2.586  times  as  heavy  as  the 
atmosphere.  When  mixed  with  oxygen  gas  it  explodes  with 
great  violence  on  the  application  of  flame.  Ether  is  soluble 
in  water  to  the  extent  of  about  10  per  cent.,  and  is  miscible 
with  alcohol  in  all  proportions.  It  is  a solvent  for  oils  and 
fats.  When  ether  is  placed  upon  the  hand  or  other  parts  of 
the  body,  it  evaporates  so  quickly  that  it  produces  great  cold 
and  numbness.  When  breathed  with  air,  it  acts  as  an  anaes- 
thetic, but  is  not  nearly  so  powerful  in  this  respect  as  chloro- 
form. 

Uses.— As  a solvent  for  oils,  fats,  odoriferous  principles, 
&c.  As  a general  anaesthetic,  associated  with  other  drugs,  it  is 
an  excellent  cardiac  (heart)  stimulant.  Much  used  in  photo- 
graphy. 

ETHYLIC  ALCOHOL. 

Synonyms.  Alcohol,  Absolute  Alcohol , Alcohol  Ethylicum 
Spirits  of  Wine , CffO. 

Source.— This  important  liquid  is  produced  from  solutions 
containing  sugars  by  a process  of  fermentation  and  distillation. 

a saccharine  liquid  is  mixed  with  a small  quantity  of  yeast— 
the  product  deposited  from  beer  during  its  fermentation- 
a°d  maintained  at  a temperature  of  7o°  F.,  effervescence  soon 
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takes  place,  carbonic  acid  gas  being  given  off,  and  alcohol 
produced  in  solution,  from  which  it  can  be  obtained  by  distil- 
lation, redistillation,  and  rectification.  Absolute  alcohol  is 
obtained  from  the  strongest  spirit  of  wine  of  commerce,  which 
contains  about  16  per  cent,  of  water,  by  redistilling  it  with  half 
its  weight  of  caustic  lime.  Spirits,  such  as  brandy,  whisky,  gin, 
and  rum,  are  all  alcohol  distillates  obtained  from  fermented 
liquids,  such  as  those  produced  from  such  grains  as  wheat, 
barley,  rye,  Indian  corn,  rice,  &c.  French  brandy  or  “ cognac 
is  distilled  from  wine,  and  Jamaica  rum  from  the  fermented 
solution  of  sugar  or  molasses.  Malt  liquors,  such  as  beer, 
stout,  &c.,  wines,  such  as  port,  sherry,  &c.,  are  alcoholic 
liquids,  produced  by  the  fermentation  of  grain,  juices  of  fruit, 
&c.,  and  are  not  distilled  products,  and  contain,  besides  alcohol, 
various  other  principles  characteristic  of  their  sources. 

Characters. — Pure  absolute  alcohol  is  a colourless,  limpid 
liquid,  with  an  agreeable  pungent  odour  and  taste.  It  has  a 
molecular  weight  of  46,  and  specific  gravity  of  o. 7938.  It  boils 
at  1 73°  F.,  and  freezes  at  -203°  F.  It  is  highly  inflammable, 
and  burns  with  a pale  bluish  flame,  and  flashes  at  the  ordinary 
temperature.  It  is  hygroscopic,  and  absorbs  water  from  the 
air.  It  is  soluble  in  water  in  all  proportions,  and  in  the  act 
of  dilution  a contraction  in  volume  takes  place  with  a rise  in 
temperature  of  the  liquid.  It  is  a solvent  for  a great  number 

of  organic  and  inorganic  substances. 

Rectified  spirit  of  wine  is  the  name  given  to  the  most 
concentrated  alcohol  that  can  be  obtained  by  distillation  with- 
out the.  addition  of  dehydrants  such  as  lime.  The  spirit  us 
reclificatus  of  the  British  Pharmacopoeia  contains  84  per  cent, 
by  weight  of  alcohol,  and  has  a specific  gravity  of  0.S3S. 

Proof  spirit  of  the  British  Pharmacopoeia  contains  49  per 
cent,  of  alcohol,  the  specific  gravity  being  0.920.  By  Act  of 
Parliament,  proof  spirit  is  now  defined  to  be  a liquid  of  such 
density  that  at  51°  F.  13  volumes  shall  weigh  the  same  as  12 
volumes  of  water  at  the  same  temperature,  and  has  a speci  ic 
gravity  of  0.91894  at  6o°  F.,  and  contains  49- *4  Per  cent  ot 
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alcohol  by  weight.  Spirits  containing  less  alcohol  than  the 
above  are  described  by  the  Excise  authorities  as  being  so  many 
degrees  or  so  much  per  cent,  under  proof  (U .P.).  Thus  by  the 
term  spirit  of  20  per  cent,  or  20°  U.P.  is  meant  a liquid  con- 
taining at  6o°  F.  80  measures  of  proof  spirit  and  20  of  water. 

Spirit  of  50°  U.P.  is  a liquid  containing  equal  volumes  of 
proof  spirit  and  water,  while  pure  water  is  roo°  U.P.  Spirits 
stronger  than  proof  are  described  according  to  the  number 
of  measures  of  proof  spirit  100  volumes  would  yield  when 
suitably  diluted.  Thus  spirits  of  50°  over  proof  (O.P.)  is  alcohol 
of  such  strength  that  100  measures  at  6o°  F.,  when  diluted 
with  water  to  150  measures,  would  be  proof  spirit.  Absolute 
alcohol  is  consequently  75-j-0  O.P.,  and  contains  175J  per  cent, 
of  proof  spirit,  since  100  measures  when  diluted  with  water 
would  produce  1 75  J measures  of  proof  strength. 

The  following  table  shows  the  percentages  of  ethylic  alcohol 
in  various  spirituous  liquids: — 


Absolute  alcohol  ... 

Rectified  spirit  = (B.  P. ) 
Spiritus  vini  Gallici 
Alcohol  dilutum  (U.S.P.)  ... 
Whisky  and  brandy 
Rum,  gin,  and  liqueurs 
Spiritus  tenuior  ... 

Vinum  album  fortius  (U.S.P.) 
Port 

Sherry  and  Madeira 

Champagne 

Burgundy 

Ilock 

Claret  ... 

Vinum  album  (U.S.P.) 

Vinum  aurantii 
Cider 

Strong  ale  or  stout 
Beer  and  porter  ... 

Koumiss 


Per  cent,  of  Alcohol. 
98  to  IOO 
84 

48  /,  56 
54-5 
44  " 5° 

40  « 50 

49 

20  n 25 
15  „ 25 
15//  20 
10  ,,  13 

10  „ 13 

I O /;  12 

8 n 12 
I O 11  12 

IO  //  12 

5 " 9 

S " 9 

2 „ 5 

1 " 3 


The  stronger  alcoholic  liquids  are  highly  inflammable. 
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Methylated  Alcohol  or  Methylated  Spirits.—  This  is  a liquid 
containing  90  per  cent,  of  ethylic  alcohol  and  10  per  cent,  of 
methyl  alcohol,  and  till  recently  was  an  unexcisable  spirit ; but 
owing  tp  large  quantities  having  been  used  for  dietetic  purposes, 
its  manufacture  and  sale  is  now  restricted,  and  to  take  its  place 
the  ethylic  alcohol  is  mixed  with  mineral  naphtha,  which  renders 
it  unfit  for  drinking. 

Uses.— The  applications  of  alcohol  are  very  important  and 
extensive.  It  is  used  as  a solvent  in  the  arts  and  manufactures. 
In  medicine  its  uses  are  numerous,  for  tinctures,  liniments , as 
an  antiseptic,  stimulant,  disinfectant,  and  refrigerant.  It  is  a 
constituent  of  all  fermented  liquids  and  spirits.  It  is  in  constant 
use  by  the  analyst,  druggist,  and  photographer.  The  naphtha 
spirit  is 'used  in  the  manufacture  of  spirit  varnishes,  French 
polish,  for  burning  in  spirit  lamps,  &c.  &c. 


METHYL  ALCOHOL. 

Synonyms.  — Wood  Spirit,  Wood  Naphtha , Pyroxylic 
Spirit , CHJIO. 

Source.— This  substance  is  found  in  the  liquid  resulting 
from  the  dry  distillation  of  wood  and  other  organic  substances 
to  the  extent  of  about  1 per  cent,  and  is  separated  from  the 
accompanying  acetic  acid,  tarry  matters,  &c,  by  fractional 
distillation,  and  the  weak  spirit  thus  produced  dehydrated  with 
lime  and  redistilled. 

Characters. — Pure  methyl  alcohol  is  a thin,  colourless, 
mobile  liquid,  having  a spirituous  odour  and  a disagreeable 
burning  taste.  It  has  a specific  gravity  of  0.800,  and  boils  at 
IZ2°  F.  It  is  highly  inflammable,  and  burns  with  a non- 
luminous  flame.  It  is  soluble  in  water,  alcohol,  and  ether  in 
all  proportions,  and  it  is  a solvent  for  resins,  essential  oils,  &c. 
It  dissolves  caustic  soda  and  potash,  producing  a brown 

solution. 
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Uses. — Used  for  mixing  with  ethylic  alcohol  to  the  extent 
of  10  per  cent.,  and  then  constitutes  “methylated  spirits.” 
For  burning  in  spirit  lamps,  for  mixing  with  paints  and  var- 
nishes, and  many  other  purposes  for  which  ordinary  alcohol 
is  used. 


AMYLIC  ALCOHOL. 

Synonyms.  — Isobutyl  Carbinol , Fusel  Oil , Potato  Spirit , 

cBzr„o. 


Source. — This  substance  is  obtained  from  the  spirit  pro- 
duced from  the  fermentation  and  distillation  of  potato  and 
grain  mash.  The  liquid  produced  by  the  distillation  of  fer- 
mented potato  is  washed  with  water,  and  the  insoluble  portion 
subjected  to  distillation,  and  the  portion  of  liquid  distilled 
between  260°  and  280°  F.  is  redistilled  until  it  has  a fixed 
boiling  point  of  268°  to  270°  F. 

Characters.— Pure  amylic  alcohol  is  a thin,  colourless 
liquid,  having  a characteristic  pungent  odour,  and  a sharp 
burning  taste.  It  has  a specific  gravity  of  .816,  and  boils  at 
270  F.,  giving  off  highly  inflammable  vapour.  It  is  sparingly 
soluble  in  watei,  but  freely  soluble  in  alcohol,  ether,  chloroform, 
benzol,  and  oils.  The  vapour  of  the  alcohol,  when  breathed' 
irritates  the  air  passages  and  causes  coughing.  It  readily  burns 

with  a smoky  flame.  It  makes  a gradual  evanescent  oil  spot 
upon  paper. 

Crude  fusel  oil  or  potato  spirit  contains  a number  of  com- 
pounds other  than  amylic  alcohol. 

Uses.  — For  the  manufacture  of  nitrite  of  amyl  and 
valerianate  of  sodium.  Is  a constituent  of  certain  anti-fouling 
compositions  and  varnishes,  and  is  often  used  in  lecture 
demonstrations. 
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Relative  Degree  of  Danger  of  certain  Inflammable 


Liquids.  (Dr  Gantter  Heilbronn.) 


Liquid. 

Flash  Point 
° F. 

Permanent 
Ignition 
Point  ° F. 

Relative 
Degree  of 
Danger. 

Ethyl  ether 

Carbon  disulphide 
Petroleum  ether  (sp.  gr.  0.70) 

Benzol  (90  per  cent,  strength) 

Benzol  (50  per  cent,  strength) 
Methyl  alcohol 
Toluol  - 

Ethyl  alcohol  (95  per  cent. ) - 
Ethyl  alcohol  (60  per  cent. ) - 
Ethyl  alcohol  (45  per  cent. ) - 
Petroleum  (burning) 

Xylol  from  coal  tar  ... 

Oil  of  turpentine  - 
Cumol  from  coal  tar 
Anhydrous  vinegar  - 

Amyl  alcohol  (fusel  oil) 

Solar  oil  - 

Tar  oil  (dead  oil)  - 
Aniline  ■ 

Dimethyl  aniline  - 
Aniline  for  red  - 

Toluidin  - 

Nitrobenzole 

Xylidin  - 

Paraffin  oil 
Naphthaline  - 

-4.0 

-4.0 

-4.0 

S-o 

23.0 

22.0 

44.6 

57.2 

60.8 

68.0 

77.0 

86.0 

9S-° 
102. 1 
hi. 2 

114.8 

140.0 
145-4 

168.8 
168.8 

185.0 

185.0 

194.0 

206.6 

224.6 

392.0 

-4.0 

-4.0 

-4.0 

5-o 

25.0 

32.0 
70.0 
59-o 

80.6 

87.8 

109.4 

1 16.6 
1 12.2 

132.8 

167.0 

1 16.6 

176.0 

181.4 

217.4 

194.0 

221.0 

224.6 
217.4 

249.8 

302.0 

440.6 

100.0 

100.0 

100.0 

99.0 

97.0 

96.0 
94-5 
93-4 

92.8 

92.0 

91.0 

90.0 

89.0 

88.2 

57.2 

86.8 

84.0 

§3-4 
80.  S 
80.8 

79.0 

79.0 

78.0 

76.6 

74.6 

56.6 

INDIARUBBER  SOLUTION. 

Early  in  1894,  Mr  Boverton  Redwood,  F.R.S.E.,  had 
occasion  to  examine  a consignment  of  this  solution,  stored  at 
Galleons  Basin.  The  stuff  was  packed  in  tin  boxes  7 inches  in 
diameter  and  3 inches  in  depth,  with  slip  covers,  and  contained 
in  a case.  The  tins  were  wrapped  in  rolls  of  rug  material,  and 
the  whole  enclosed  in  waterproof  cloth.  Some  of  the  tins  were 
considerably  damaged,  and  in  a leaking  condition.  The  danger 
attending  the  transport  of  highly  inflammable  goods  packed  in 
this  careless  fashion  can  be  imagined  when  the  flash  point  of 
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the  rubber  solution  in  question  was  found  to  be  as  low  as  3L0 
F.  In  concluding  his  report  upon  the  subject,  Mr  Redwood 
said  that  “had  the  case  been  stowed  in  a confined  and  un- 
ventilated part  of  a ship,  the  surrounding  atmosphere  would 
soon  have  been  brought  into  a condition  in  which  the  intro- 
duction of  a light  could  not  have  failed  to  have  caused  a 
disastrous  explosion,  and  probably  set  up  a conflagration.” 

The  outcome  of  this  inquiry  led  the  Marine  Department  of 
the  Board  of  Trade  to  issue,  in  May  1894,  a memorandum 
addressed  to  the  Detaining  and  Emigration  Officers,  the  sub- 
stance of  which  here  follows  : — 

“The  Board  of  Trade  are  advised  that  this  material  comes, 
under  the  heading  of  Dangerous  Goods;  and  that  if  stowed 
under  deck  it  should  be  placed  where  it  is  easily  accessible, 
and  that  it  should  on  no  account  be  treated  as  general  cargo 
and  covered  with  other  goods. 

“ Emigration  Officers  should  not  allow  rubber  solution  to 
be  loaded  on  board  passenger  ships  (see  Section  29  of  the 
Passengers  Act,  1855  ),  and  in  the  event  of  the  material  being 
in  any  case  shipped  in  such  a manner  as,  in  the  opinion  of  a 
Detaining  Officer,  to  render  a ship  unfit  to  proceed  to  sea 
without  serious  danger  to  human  life,  he  should  not  hesitate  to 
order  provisional  detention,  if  necessary,  under  Section  6 of 
the  Merchant  Shipping  Act,  1876,*  referring  to  the  Board  of 
Trade  if  he  is  in  doubt  or  difficulty.” 


See  now  Merchant  Shipping  Act  1S94. 


SECTION  VI. 
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EXPLOSIVE  DUSTS. 

Combustible  substances,  when  in  a very  finely  divided  con- 
dition, expose  a larger  surface  to  the  action  of  the  oxygen  in 
the  atmosphere  than  when  in  a compact  state,  and  consequently 
burn  with  greater  rapidity.  For  instance,  the  highest  tempera- 
ture of  the  blacksmith’s  forge  is  required  to  burn  a piece  of 
solid  iron  ; but  if  the  metal  be  in  a very  finely  divided  condition, 
such  as  is  produced  by  the  reduction  of  its  oxide  by  hydrogen 
gas  mere  falling  through  the  atmosphere  inflames  it.  A similar 
principle  can  be  applied  to  cases  of  so-called  "spontaneous  com- 
bastion."  A heap  of  cotton  waste  is  saturated  with  an  oil 
such  as  linseed— that  has  the  property  of  absorbing  or  com 
billing  with  oxygen ; it  is  exposed  to  the  atmosphere  for  son  e 
time:  here  the  heat  generated  by  the  rapid  absorptio 
oil  consequent  upon  the  large  area  exposed  in  the  interior  of 
the  waste,  is  often  so  great  as  to  cause  the  inflammation  of 
heno  Serious  conflagrations  are  frequently  traced  to  this  cause. 
uX  organic  dry  dusts,  such  as  those  of  coal,  (luor,  wood,  &c 
when  present  in  the  atmosphere  in  certain  proportions,  form  an 
inflammable  mixture  which  is  liable  to  explode  will  ^xheme 
violence  from  a spark  or  flame.  In  a lecture  delivered  by  Sir 
F AW,  C B„  F.R.S.,  in  .88a.  before  the  Royal  Society,  upon 

tbe  subject,  he  said  : 
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“ The  combustion  of  the  finely  divided  particles  which 
under  such  conditions  are  first  inflamed,  at  once  communicates 
flames  to  those  in  their  immediate  vicinity,  and  combustion  is 
thus  transmitted,  by  and  through  the  surrounding  mixture  of 
dust  and  air,  with  a rapidity  regulated  by  the  inflammability  of 
the  dust  and  by  the  proportion  and  state  of  division  in  which 
it  is  distributed  through  the  air.  If  a rapidly  burning  mixture 
of  the  kind  is  confined,  its  combustion  is  attended  by  explosive 
effects,  the  degree  of  violence  of  which  is  determined  by  the 
combustibility  of  the  dust,  by  the  quantity  of  mixture  ignited, 
and  the  nature  of  confinement.  Its  behaviour,  indeed,  is  quite 
similar  to  that  of  a mixture  of  inflammable  gas  or  vapour,  and 
of  air.  At  the  instant  of  its  ignition  each  dust  particle  is,  to  a 
more  or  less  considerable  extent,  converted  into  inflammable 
vapour,  or  is  at  any  rate  surrounded  by  an  envelope  of  burning 
vapour,  so  that  if  the  particles  are  in  sufficiently  close  proximity 
to  each  other,  the  rapidly  successive  development  of  vapour 
from  them  as  the  flame  spreads  gives  rise  to  a condition  of 
things  very  like  that  which  is  obtained  when  an  inflammable 
gas  or  vapour,  originally  existing  as  such,  is  mixed  with  air.’; 

No  doubt  the  intensity  of  combustion  or  explosion  depends 
upon  the  temperature  of  the  air,  humidity  of  air  and  dust, 
together  with  the  degree  of  fineness  and  composition  of  the 
dust,  also  the  nature  of  the  products  of  combustion  {see  p.  231). 


CAMPHOR. 

Synonyms.  Laurel  Camphor , Camphora,  CwffuO. 

Source.  This  substance  is  produced  from  the  wood  of  the 
Ctnnamomum  camphora , occurring  in  the  East  Indies,  China, 
and  Japan.  The  wood  is  distilled  with  water,  when  a rouffii 

camphor  is  condensed,  which  is  afterwards  purified  by  resubli- 
mation. 

Characters.— Common  camphor  is  a solid,  colourless 
ranslucent,  crystalline,  and  inflammable  body.  It  is  somewhat 
volatile,  and  gives  off  a characteristic  flagrant  odour.  Its  taste 


io8 


DANGEROUS  GOODS. 


is  pungent  and  bitter,  and  produces  a sensation  of  cold. 
Camphor  floats  on  water,  its  specific  gravity  varying  from  .986 
to  .996.  It  melts  at  347°  F.,  and  boils  at  400'  F.,  giving  off 
very  inflammable  vapour.  Camphor  is  but  slightly  soluble  in 
water  (1  in  1000),  but  is  readily  dissolved  by  alcohol,  ether, 
chloroform,  acetic  acid,  bisulphide  of  carbon,  and  oils. 

Menthol  is  another  form  of  camphor,  obtained  from  oil  of 
peppermint  by  cooling,  from  which  it  is  deposited  in  snow- 
white  acicular  crystals.  Volatile,  giving  off  a most  ethereal 
odour.  It  is  much  used  as  a relief  for  headache  and  neuralgia. 

Thymol  is  a camphor  obtained  from  thyme  oil,  and  consists 
of  large,  oblique,  prismatic  crystals.  Oil  of  thyme  has  a 
pungent  aromatic  taste,  and  is  used  in  medicine  as  an  anti- 
septic and  antiparasitic. 

Uses. —Camphor  is  a constituent  of  a great  number  of 
pharmaceutical  preparations.  It  is  used  to  keep  away  insects, 
such  as  moths,  &c.,  from  clothes.  In  combination  with  naphtha- 
lene and  other  slightly  volatile  bodies,  it  is  applied,  as  tablets, 
as  a disinfectant  for  urinal  pans,  &c.  It  is  a constituent  of 
celluloid , xylonite , coralline,  artificial  ivory.  These  substances 
are  mixtures  of  nitro-compounds,  such  as  gun-cotton,  nitrated 
wood  and  paper,  &c.,  and  camphor,  and  are  manufactured  into 
combs,  pipe  stems,  brush  backs,  mirror  frames,  and  numerous 
nicknacks,  as  a substitute  for  ivory,  amber,  and  vulcanite. 
These  bodies  are  highly  inflammable,  and  dangerous  to  manu- 
facture. The  soot  from  burning  camphor  is  used  by  riflemen 
to  darken  the  “sights”  of  their  weapons,  and  in  the  manufac- 
ture of  Indian  inks. 


MAGNESIUM. 


Synonym. — Mg. 

Source. — Magnesium  in  combination  is  found  m abund- 
ance in  nature.  Dolomite  is  a double  carbonate  of  magnesium 
and  lime,  also  known  as  magnesian  limestone.  In  combination 
with  silica  it  constitutes  the  minerals  hornblende,  talc,  steatite, 
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asbestos,  soapstone,  &c.  The  metal  is  prepared  by  heating 
magnesium  chloride  and  potassic  (or  sodic)  chloride  with 
metallic  sodium. 

Characters. — Magnesium  is  a silvery  white  metal,  ductile, 
and  capable  of  taking  a high  polish,  and  is  not  acted  upon  to 
any  great  extent  in  the  atmosphere.  It  has  an  atomic  weight 
of  24,  and  is  1.743  times  as  heavy  as  water.  Magnesium  is 
acted  upon  but  slightly  by  water,  but  is  readily  soluble  in  dilute 
acids.  When  thrown  into  strong  hydrochloric  acid,  it  bursts 
into  flame.  Magnesium  is  readily  kindled  by  a flame,  and 
burns  with  a brilliant  dazzling  white  light,  forming  the  white 
compound  magnesia. 

Uses.— As  an  artificial  light  in  photography,  lecture  demon- 
strations, &c. 


PHOSPHORUS  (P). 

Source.  Phosphorus  is  obtained  from  the  bones  of 
animals,  in  which  it  exists  as  calcic  phosphate  (bone  phosphate), 
or  from  the  native  phosphate  of  lime,  as  follows  The  bones 
having  been  treated  for  the  extraction  of  the  albumens— -gelatine, 
&c.  — by  heating  them  under  pressure  with  water,  are  then 
calcined  in  a furnace.  The  bone  ash  thus  produced  is  finely 
powdered,  and  mixed  with  sufficient  dilute  sulphuric  acid  to 
extract  about  two-thirds  of  the  lime  associated  with  the  phos- 
phorus.  . The  mixture  is  allowed  to  stand  for  some  time,  after 
w ich  it  is  separated  from  the  sulphate  of  lime  formed, by  filtration. 
1 he  filtrate  is  now  evaporated  to  a syrup,  and  mixed  with  from 
one-fourth  to  one-half  its  weight  of  charcoal,  and  then  heated 
o expel  the  water.  The  porous  mixture  is  now  transferred  to 
a retort  fitted  with  an  “adapter,”  connected  with  a receiver 

ZTa  WatGr’  an,d  gradually  heated  ^ redness. . Phosphorus 
distilled  over,  and  sinks  in  globules  in  the  water,  after  which 

' PU,lfi_cd  and  cast  into  sticks  under  water.  A further 

is  obtained  by  mixing  the  residue 

ctort  with  sand  and  again  heating. 
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Characters.  — Pure  phosphorus  is  a nearly  colourless, 
semi-transparent,  and  waxlike  solid.  At  the  oidinary  tempera- 
ture it  is  about  as  soft  as  bees’-wax,  although  at  lower  tempera- 
tures it  is  hard  and  brittle.  The  element  has  an  atomic  weight 
of  31,  and  the  specific  gravity  is  1.8.  It  melts  at  112  F.,  and 
boils  at  about  550°  F.  It  oxidises  in  the  air  at  ordinary  tem- 
peratures, giving  off  white  vapours  of  a garlic-like  odour,  which 
consist  of  peroxide  of  phosphorus,  &c.  In  the  daik,  this  slow 
combustion  gives  out  a greenish  white  light. 

Phosphorus  is  extremely  inflammable,  and  ignites  in  the 
atmosphere  at  a temperature  very  little  above  its  melting-point, 
a trifling  friction  also  effects  its  ignition.  It  is  therefore 
necessary  to  keep  it  in  water,  and  also  to  cut  it  under  water 
when  small  quantities  are  required.  Great  care  is  always 
necessary  in  handling  this  substance ; very  severe  burns  and 
fatal  accidents  have  resulted  from  its  careless  manipulation. 
Phosphorus  is  insoluble  in  water,  but  soluble  to  some  extent 
in  ether,  benzol,  turpentine,  and  oils.  It  is  freely  soluble  m 
bisulphide  of  carbon  and  chloride  of  sulphur.  The  fumes  from 
phosphorus  are  poisonous,  and  frequent  inhalation  of  t aem 
produces  gastro-intestinal  irritation  and  necrosis  of  the  bone, 
and  the  solid  taken  internally  acts  as  a very  powerful  irritant 
poison.  It  detonates  when  rubbed  with  chlorate  of  potash  and 

nitre. 


Red  or  Amorphous  Phosphorus. — The  wax-like  phosphorus 
is  capable  under  certain  conditions  of  being  converted  into  an 
allotropic  form,  and  its  physical  characteristics  radically  changed. 
This  variety  is  prepared  by  heating  ordinary  phosphorus  to 
about  445°  F.  in  a current  of  carbonic  acid  gas,  and  main- 
tained at  this  temperature  for  some  hours.  Its  specific  gravi  y 
is  increased  to  2.2,  it  undergoes  no  change  when  exposed  to 
air  or  light,  and  does  not  take  fire  until  a temperature  of 
aSo°  F is  reached.  It  is  unnecessary  to  preserve  this  vane  y 
fde«d  it  is  non-poisonous.  If  heated  in  « to  a be* 
,QO°  F.  it  is  converted  into  the  yellow  variety,  and  bursts 
flame,  giving  off  white  vapours  of  phosphorus  pentoxide. 
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Uses.— The  principal  applications  of  phosphorus  are  in  the 
manufacture  of  lucifer  matches,  and  in  the  preparation  of  the 
igniting  surface  on  safety  match  boxes,  and  is  an  ingredient  of 
certain  vermin  pastes.  It  is  not  greatly  used  in  the  laboratory. 
It  is  used  in  lecture  demonstrations  for  the  preparation  of 
phosphuretted  hydrogen  gas,  &c.  Phosphorus  is  sometimes 
used,  in  medicine  always,  in  conjunction  with  other  ingredients, 
and  containing  Myth  to  -Tth  of  a grain  per  dose.  It  is  of  ques- 
tionable value  in  diseases,  very  little  being  known  of  its  thera- 
peutic action. 


POTASSIUM. 

Synonyms. — Kalium , K. 

Source.— This  metallic  element  is  obtained  by  distilling 
carbonate  of  potash  and  charcoal  in  an  iron  retort.  Carbonic 
oxide  gas  is  evolved,  and  metallic  potassium  is  condensed 
in  special  receivers,  after  which  it  is  redistilled  to  separate 
impurities. 

Characters.  — Potassium  is  a remarkable  bluish-white 
metal.  At  the  ordinary  temperature  it  is  soft,  and  may  be  cut 
with  a knife,  the  fresh  surfaces  exhibiting  a brilliant  metallic 
lustre.  At  low  temperatures  it  is  brittle.  It  has  a specific  gravity 
of  0.865,  and  an  atomic  weight  of  39.1,  and  melts  at  1440  F., 
and  when  strongly  heated,  volatilises  and  burns  with  a violet 
flame.  It  rapidly  oxidises  on  exposure  to  the  atmosphere,  and 
has  consequently  to  be  preserved  in  liquids  that  contain  no 
oxygen,  such  as  naphtha.  Potassium  has  the  remarkable  pro- 
perty of  decomposing  water  at  the  ordinary  temperature.  If 
a little  of  the  metal  is  thrown  on  water,  it  floats  and  decomposes 
't  50  energetically,  that  the  liberated  hydrogen  takes  fire  and 
burns  with  a violet  flame  upon  the  surface  of  the  water,  which 
becomes  a solution  of  the  hydrate  of  the  metal  (caustic  potash), 
and  which  has  a strong  alkaline  reaction. 

Uses.  Limited  applications.  For  lecture  demonstrations 
and  certain  analytical  operations. 
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ROSIN. 


Synonyms. — Colophony , Common  Resin , Resina. 


Source. — Common  resin  or  rosin  is  obtained  as  a residuum 
in  the  distillation  of  oil  of  turpentine  from  the  crude  oleo- 
resinous  exudations  from  the  various  species  of  Pmus. 

Characters. — Colophony  consists  of  several  resin  acids 
and  anhydrides,  abietic  anhydride  predominating.  It  is  a 
transparent  amber  or  reddish  coloured  brittle  solid,  with  a 
specific  gravity  of  from  1.04  to  1.10.  It  has  a slight  odour 
of  turpentine,  and  possesses  a peculiar  nauseous  taste.  It 
softens  at  the  boiling  point  of  water,  and  becomes  fluid  at 
about  275°  F.  It  burns  rapidly  when  kindled,  with  a dense 
yellow  sooty  flame,  giving  out  a peculiar  odour.  It  is  insoluble 
in  water,  but  is  soluble  in  warm  alcohol,  acetic  acid,  and  ether. 
Treatment  with  caustic  alkalies  converts  it  into  a brown  resin 


soap,  soluble  in  water. 

Common  resin  or  colophony  may  be  taken  as  a typical 
example,  as  far  as  danger  from  inflammability,  transport,  &c., 
is  concerned,  to  a number  of  resinous  substances  possessing 
more  or  less  similar  chemical  characteristics,  although  some 
have  notable  physical  differences.  Resins  which  contain 
mucilage  or  gum  are  called  gum-resins,  while  those  which 
are  associated  with  essential  or  volatile  oils  are  termed  balsams, 
turpentines,  or  oleo-resins.  The  following  are  a list  of  the 
more  important  of  these  bodies  Common  Resin  or  Colophony, 
Caoutchouc  (Indiarubber),  Shellac,  Dammar,  Copal,  Gutta- 
percha, Benzoin,  Guaiacum,  Amber , Sandarac,  Mastic,  Tolu. 

These  bodies,  which  are  all  more  or  less  inflammable,  have 


specific  gravities  ranging  from  .96  to  1.24. 

Uses.— Resin  is  a constituent  of  a number  of  varnishes 
and  soaps,  French  polishes,  plasters,  &c.  Caoutchouc  (or 
indiarubber)  is  manufactured  into  an  endless  variety  of  artic  es. 
Guttapercha  is  extensively  used  to  insulate  electrical  wires. 
Guaiacum  is  used  in  medicine.  Amber  is  a hard  resin,  an 
is  capable  of  being  highly  polished,  and  manufactured  into 
useful  articles,  notably  tobacco  pipe  stems. 
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SODIUM. 

Synonyms. — Natrium,  Na. 

Source.— This  metallic  element  is  obtained  by  distilling 
carbonate  of  sodium  and  charcoal  in  an  iron  retort.  Carbonic 
oxide  gas  is  evolved,  and  metallic  sodium  is  condensed  in 
special  receivers,  after  which  it  is  redistilled  to  separate  im- 
purities. It  is  a constituent  of  common  salt  (sodium  chloride), 
in  which  it  exists  to  the  extent  of  39.3  per  cent. 

Characters. — Sodium  is  a bluish-white  metal.  At  the 
ordinary  temperature  it  is  soft,  and  may  be  cut  with  a knife, 
the  fresh  surfaces  exhibiting  a brilliant  metallic  lustre.  At 
low  temperatures  it  is  brittle.  It  has  an  atomic  weight  of  23, 
and  a specific  gravity  of  0.972.  It  melts  at  207°F.  On 
exposure  to  the  air  it  rapidly  oxidises,  forming  sodium  oxide, 
and  upon  heating  strongly  it  burns  with  a yellow  flame.  It 
decomposes  water  at  the  ordinary  temperature  with  the  libera- 
tion of  hydrogen  and  formation  of  sodium  hydrate  {caustic soda). 
Sodium  has  not  quite  so  energetic  an  action  upon  water  as 
potassium.  The  hydrogen  liberated  does  not  inflame  unless  the 
water  is  previously  heated,  or  a light  applied  to  the  issuing  gas. 
It  should  be  preserved  in  naphtha. 

Uses.— For  the  production  of  aluminium  and  certain  other 
elements  difficult  of  reduction.  Lecture  demonstration  and 
in  analytical  chemistry. 


SULPHUR. 

^ Synonyms.  —Brimstone,  Flowers  of  Sulphur,  Sulphur 
Sublimation,  Sulphur  Precipitation,  S. 

Source.— Sulphur  occurs  in  nature  in  a free  state  in 
abundance,  and  also  in  combination  with  many  metals  as 
sulphides.  The  principal  source  of  the  element  is  from  Sicilv 

Mher°  °CCUrS  'n  bedS)  runnin§  from  the  southern  coast  to 
lount  Etna  It  also  occurs  in  many  other  volcanic  localities 
such  as  South  America,  Mexico,  and  Italy. 
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Characters.— Sulphur  is  found  in  nature  in  transparent 
yellow  crystals,  or  in  yellow  amorphous  masses.  Commercial 
sulphur  is  termed  flowers  of  sulphur  when  in  powder,  and 
brimstone  when  in  round  sticks,  this  variety  being  very  brittle. 
There  are  three  allotropic  modifications  of  sulphur  known,  which 
are  distinguished  by  differences  in  crystalline  form  and  solu- 
bility in  bisulphide  of  carbon.  It  has  an  atomic  weight  of  32. 
Native  sulphur  has  a specific  gravity  of  2.05,  artificial  crystalline 
needles  of  the  element  show  a specific  gravity  of  1.98,  and  the 
plastic  variety,  which  is  insoluble  in  carbon  bisulphide,  1. 95- 
Sulphur  melts  at  2390  F.,  and  boils  and  distils  at  about  836°  F., 
its  vapour  being  of  a deep  yellow  colour.  It  is  very  inflam- 
mable, and  takes  fire  when  heated  in  air  between  455°  and 
500°  F.,  burning  with  a blue  flame  and  giving  off  suffocating 
fumes  of  sulphurous  anhydride.  When  sulphur  is  heated  to 
about  500°  F.,  and  the  liquid  poured  in  a stream  into  cold 
water,  it  assumes  a plastic  condition  which  may  be  drawn  out 
into  elastic  threads.  It  is  insoluble  in  water,  and  is  a bad 
conductor  of  heat  and  electricity. 

Uses.— Sulphur  has  important  and  extensive  applications 
in  the  arts  and  manufactures.  Large  quantities  are  consumed 
in  the  manufacture  of  gunpowder,  matches,  fireworks,  and 
sulphuric  acid.  It  is  now  much  applied  in  the  form  of  candles 
for  fumigating  infected  hospital  wards,  &c.,  and  for  the  destruc- 
tion of  domestic  vermin,  the  sulphurous  vapour  from  burning 
sulphur  being  a powerful  disinfectant  and  vermicide.  It  is 
also  much  used  in  medicine,  in  combination  with  sugar,  gum, 
&c.,  in  the  form  of  lozenges  or  tablets  for  certain  cutaneous 

complaints. 
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MISCELLANEOUS  SUBSTANCES. 


BROMINE. 

Synonyms.  — Bromum,  Br. 

Source.— This  element  exists  in  combination  with  mag- 
nesium in  sea  water  to  the  extent  of  \ to  i grain  per  gallon 
and  also  in  many  brine  springs.  The  following  is  the  process 
adopted  for  its  extraction  from  sea  water The  water,  after 
being  evaporated  so  as  to  remove  the  crystallisable  salts  such 
as  sodium  chloride,  &c.,  the  mother  liquor,  which  is  called 
bittern,  and  contains  all  the  bromine,  is  exposed  to  the  action 
of  chlorine  gas.  By  this  means  the  bromine  is  liberated  from 
its  combination  with  magnesium,  and  gives  to  the  solution  a 
yellow  colour.  The  solution  is  now  agitated  with  ether.  This 
extracts  the  bromine,  and  the  ethereal  solution  being  speci- 
fically  lighter  than  the  liquid,  it  floats  on  its  surface.  The 
leavier  saline  solution  is  now  tapped  off  through  a separator 
and  the  bromine  solution  agitated  with  a solution  of  caustic 
potash.  I he  yellow  colour  soon  disappears  from  the  ether,  and 
the  bromine  enters  into  combination  with  the  potash  in  the 
aqueous  solution.  The  ether  may  be  separated  and  used  over 
again  for  fresh  quantities  of  bittern,  and  the  potash  solution 
can  also  be  used  for  further  extractions.  When  the  latter 
becomes  nearly  saturated  with  bromine,  it  is  evaporated  to 
dryness  and  gently  ignited.  It  is  then  mixed  with  peroxide 
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of  manganese.  The  whole  is  now  transferred  to  a retort, 
sulphuric  acid  added  and  distilled,  and  the  dense  brown  fumes 
of  bromine  condensed  in  receivers  kept  cool  by  ice. 

Characters.— Bromine  is  a very  dark,  heavy,  red  liquid, 
and  gives  off  dense  red  fumes  which  are  extremely  irritating 
to  respiratory  organs  and  eyes.  It  corrodes  the  skin  and  pro- 
duces a yellow  stain,  and  is  a powerful  irritant  poison.  It 
is  not  inflammable,  neither  will  it  support  combustion.  Its 
atomic  weight  is  80,  and  is  three  times  as  heavy  as  water.  It 
hoils  at  1450  F.,  and  freezes  at  19°  F.  It  is  soluble  in  cold 
water  to  the  extent  of  about  3 per  cent.,  and  gives  it  a brownish 
red  colour,  the  specific  gravity  of  a saturated  solution  being 
1.024.  It  is  freely  soluble  in  ether  and  alcohol.  Bromine 
combines  with  many  metals,  directly  producing  bromides.  It 
is  an  important  oxidising  agent,  and  bleaches  several  vegetable 

colours. 

Uses. — Bromine  is  principally  used  as  an  oxidising  agent, 
and  is  an  indispensable  reagent  of  the  analyst. 


PEROXIDE  OF  HYDROGEN. 

Synonyms.  — Hydrogen  Dioxide , Hydroxyl , Oxygenated 
Water,  HOi- 

Source.  — This  oxide  of  hydrogen  was  discovered  by 
Thenard,  who  prepared  it  by'  decomposing  the  peroxides  of 

the  alkaline  earths  with  dilute  acid. 

For  the  preparation  of  the  pure  oxide  carbonic  acid  is  most 

suitable.  An  abundant  stream  of  the  washed  gas  is  passed 
through  distilled  water  in  a beaker.  To  this  solution  finely 
powdered  barium  peroxide  is  added  from  time  to  time  in  very- 
small  quantities,  so  that  there  is  never  any  great  excess  present 
in  theq solution  containing  hydrogen  peroxide  which  in  such 
case  would  decompose  into  water,  with  the  evohit.on e° 

After  this  operation  has  been  carried  on  for  some  time  the 
barium  carbonate  is  filtered  off,  and  the  solution  evaporated  f» 
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vacuo  over  sulphuric  acid  until  the  liquid  assumes  a syrupy 
consistence. 

Hydrogen  peroxide  cannot  be  preserved  long  in  this  con- 
dition. In  order  to  preserve  it,  it  must  be  diluted  with  water, 
and  made  slightly  acid  with  hydrochloric  acid.  Even  in  this 
state  it  gradually  decomposes,  especially  when  exposed  to  light. 
Perchloride  of  mercury  preserves  a strong  solution  of  the  per- 
oxide. 

Characters. — The  most  concentrated  solution  of  hydrogen 
peroxide  is  a syrupy  liquid  of  specific  gravity  1.453,  its  molecular 
weight  being  34.  It  does  not  freeze  at  -220  F.  In  vacuo  it 
volatilises  unchanged. 

It  has  a harsh,  bitter  taste,  and  corrodes  the  skin,  and  is  a 
powerful  disinfectant. 

Hydrogen  peroxide  slowly  decomposes.  If  very  dilute,  it 
may  be  kept  indefinitely.  Very  dilute  solutions  may  be  even 
boiled  without  change. 

Concentrated  peroxide  of  hydrogen  rapidly  evolves  oxygen 

at  70  F.  Heated  quickly  to  212°  F.,  oxygen  is  evolved  with 
explosion. 

One  volume  of  the  most  concentrated  solution  gives  475 
volumes  oxygen  at  32°  F.  and  760  mm.  Hydrogen  peroxide 
is  soluble  in  all  proportions  of  water,  also  in  alcohol  • but  it 
slowly  reacts  with  the  alcohol.  Is  slightly  soluble  in  ether. 

An  acidified  solution  of  hydrogen  peroxide  is  decomposed 
into  oxygen  and  hydrogen  by  electrolysis. 

Uses.— Hydrogen  peroxide  is  used  for  restoring  the  white 
colours  in  pictures  that  have  turned  grey  or  black,  ‘it  is  some- 
times used  for  cloth-bleaching.  Hydrogen  peroxide  has  been 
used  in  medicine,  but  at  present  only  externally.  It  is  also  the 
chief  constituent  of  the  “sanitas  disinfectants.” 


SECTION  VIII. 


COMMON  SUBSTANCES 

LIABLE  TO 


“SPONTANEOUS”  COMBUSTION. 


There  are  substances  under  certain  conditions  which  often 
ignite  without  any  apparent  cause  ; but  like  all  other  effects,  this 
too  has  its  cause.  Many  serious  conflagrations  have  been  traced 
to  purely  natural  causes  ; and  we  frequently  hear  of  the  “ spon- 
taneous ” combustion  of  coal,  oily  goods  (waste,  rags,  felt,  &c.), 
hayricks,  &c.,  that  is,  they  have  ignited  without  the  necessity 
of  application  of  flame  from  any  external  source.  1 he  explana- 
tion of  the  causes  of  these,  shall  we  say  self-igniting  fires,  may 


be  generally  summarised  as  follows : — 

Many  substances  have  the  property  of  absorbing  or  com- 
bining with  the  oxygen  of  the  atmosphere  at  ordinary  tempera- 
tures. This  combination  results  in  the  production  of  heat,  and 
if  circumstances  are  favourable  to  rapid  oxidation,  the  intensity 
of  heat  developed  is  often  sufficient  to  inflame  them  or  su 
stances  in  immediate  contact.  The  essential  conditions  neces- 
sary for  the  propagation  of  an  amount  of  heat  sufficient  to  bring 
about  inflammation  of  a body  left  to  itself  at  the  ordinary 


temperature  are : — 

(i.)  It  should  be  porous,  or  finely  divided,  so  as  to 
expose  a large  area  to  oxidation. 

(2.)  That  to  prevent  the  dissipation  of  the  heat  of 
chemical  action,  the  seat  of  combustion  should 
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be  surrounded  by  a porous  non-conducting  body 
capable  of  inflammation,  which  may  be  the  same 
material,  such  as  a heap  of  coals,  charcoal,  or 
vegetable  black  ; or  a different  material,  as  exem- 
plified in  a heap  of  oily  waste,  rags,  or  sawdust. 

(3.)  Access  of  air  is  in  most  cases  necessary,  but  not 
in  sufficient  amount  or  current  to  carry  away  the 
heat  as  quickly  as  it  is  produced. 

(4.)  A certain  degree  of  dampness  appears  to  be  neces- 
sary in  certain  cases,  while  moisture  in  some 
instances  retards  or  prevents  combustion. 

The  following  are  particulars  regarding  the  more  common 
substances  liable  to  inflammation  consequent  upon  rapid 
oxidation  : — 


COAL. 

This  well-known  and  indispensable  combustible  mineral  is 
of  vegetable  origin,  and  is  the  result  of  the  decomposition  of 
organic  matter  in  the  carboniferous  period  of  the  geological 
carboniferous  age,  and  is  found  in  numerous  localities  as  seams 
of  various  thicknesses  and  depths  in  the  crust  of  the  earth. 
1 he  principal  constituents  of  coal  are  carbon,  hydrogen,  oxygen, 
nitrogen,  sulphur  (present  principally  as  iron  pyrites —disulphide 
of  iron),  and  ash.  1 he  proportions  of  these  constituents  vary 
greatly,  depending  as  to  how  complete  or  otherwise  the  natural 
carbonisation  of  the  original  vegetable  matter  had  taken  place. 
The  more  complete  is  the  change,  the  more  carbon  will  be 
found  in  the  coal,  the  less  inflammable  will  it  be,  and  vice 
versa.  Coal  may  be  divided  into  four  classes,  depending  upon 
the  amount  of  volatile  matter  (gas,  tar,  &c.)  that  is  given  off 
when  heated  out  of  contact  with  the  air.  They  are 

(1.)  Cannel  Coal  (parrot  coal,  horn  coal),  or  highly 
bituminous  coal,  yielding  over  40  per  cent,  of 
volatile  matter. 

(2.)  Bituminous  Coal  (gas  coal,  house  coal),  yielding 
from  30  to  40  per  cent,  volatile  matter. 
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(3.)  Semi-bituminous  Coal  (steam  coal),  yielding  from 
15  to  20  per  cent,  volatile  matter. 

(4.)  Anthracite  Coal , yielding  from  5 to  10  per  cent, 
volatile  matter. 

The  causes  of  the  production  of  the  heat  necessary  to 
initiate  the  spontaneous  ignition  of  coal  have  given  rise  to 
much  discussion.  The  heat  evolved  consequent  upon  the 
oxidation  of  the  iron  pyrites  (disulphide  of  iion,  brasses) 
present  in  more  or  less  quantity  in  practically  all  coals,  is 
generally  credited  with  being  the  primary  cause  of  the  spon- 
taneous ” conflagration  in  coal  heaps,  ships’  cargoes,  &c.  In 
addition  to  the  heat  evolved  during  the  oxidation  of  pyrites, 
the  products  of  the  oxidation  disintegrates  the  coal,  making 
room  for  the  admission  of  more  air,  and  thus  heat  is  developed 
in  the  coal  until  the  point  of  ignition  is  attained.  Moisture 
enhances  the  oxidation  of  pyrites.  Whether  the  presence  of 
pyrites  is  absolutely  necessary  or  not  in  order  to  produce 
sufficient  heat  conducive  to  the  spontaneous  ignition  of  coal 
heaps,  there  can  be  no  doubt  that  in  consideration  of  the 
fact  of  its  proneness  to  oxidation,  and  that  it  is  present  in 
more  or  less  quantity  in  all  coals,  the  majority  of  cases  of 
“ spontaneous  ” combustion  are  attributable  to  it.  Therefore  a 
highly  pyritic  coal  must  be  considered  hazardous  for  storage, 
and  as  a cargo. 

The  Royal  Commission  of  1875,  appointed  to  inquire 
into  the  question  of  spontaneous  combustion  in  coal  caigoes, 
reported : — 

“ Having  completed  our  inquiry  into  the  various  questions 
embraced  by  the  terms  of  the  reference  to  us,  we  beg  to  lay 
before  your  Majesty  a summary  of  the  conclusions  at  which  we 

have  arrived : — 

“(1.)  That  certain  descriptions  of  coal  are  intrinsically 
dangerous  for  shipment  on  long  voyages. 

“(2.)  That  the  breakage  of  coal  in  its  transport  horn  the 
pit  to  the  ship’s  hold,  the  shipment  of  pyritic  coal  m a wet 
condition,  and  especially  ventilation  through  the  body  of  the 
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coal  cargoes,  conduce  to  spontaneous  combustion,  even  though 
the  coal  may  not  be  unfit  for  conveyance  on  long  voyages. 

“(3.)  That  spontaneous  combustion  in  coal  cargoes  would 
be  less  frequent  if  regard  were  had  by  shipowners  and  under- 
writers to  the  facts. 

“(4.)  That  when  coal  is  being  carried  on  long  voyages  the 
temperature  in  the  various  portions  of  the  cargo  should  be 
tested  periodically  by  the  thermometer  and  registered  in  the 
log. 

“(5-)  That  with  a view  to  guard  against  explosions,  free  and 
continuous  egress  to  the  open  air,  independent  of  the  hatch- 
ways, should  be  provided  for  the  explosive  gases,  by  means  of 
a system  of  surface  ventilation,  which  would  be  effective  in  all 
circumstances  of  weather. 

“(6.)  That  in  order  to  make  known  the  description  of  coal 
liable  to  combustion,  the  Inspectors  of  Mines  should  be  in- 
structed to  hold  inquiry  into  all  cases  of  spontaneous  com- 
bustion occurring  in  cargoes  of  coal  taken  from  their  respective 
districts;  exporters  being  required  always  to  record  on  their 
specifications  the  denomination  of  the  coals  forming  the  cargo. 

“(7.)  That  no  additional  legislation  with  reference  to  the 
conveyance  of  coal  by  sea  is  required,  unless  for  the  purpose  of 
giving  effect  to  our  proposals  with  regard  to  the  inquiries  by 
Inspectors  of  Mines,  and  to  the  fuller  specification  of  coals 
entered  outwards  at  Her  Majesty’s  Customs.” 

In  his  work  on  “ Spontaneous  Combustion  and  Explosion 
in  Coal  Cargoes,”  Mr  Rowan  reviews  the  report  of  the  Royal 
Commission  of  1885  with  the  following  conclusions: — 

I hat  spontaneous  combustion  may  arise  from  two 
sources — 

“(1.)  Sulphurous  oxidation , or  the  oxidation  of  some  of 
the  sulphur  compounds  existing  in  the  coal. 

(2.)  Carbonaceous  oxidation , or  the  absorption  and  con- 
densation of  atmospheric  oxygen  by  the  carbon  pores  of  coal. 

Under  certain  conditions  both  of  these  actions  arise, 
accompanied  by  the  evolution  of  heat,  and  such  evolutions  of 
temperature  can  be  induced  as  to  result  in  the  ignition  or 
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combustion  of  the  coal.  ...  I think  it  is  demonstrated  that 
in  the  majority  of  cases  ignition  has  been  inaugurated  by  the 
oxidation  of  the  iron  pyrites  commencing  at  some  particular 
though  capricious  spot,  that  the  heat  so  generated  has  gradually 
accumulated  and  accelerated  the  oxidation,  and  that  sufficient 
heat  has  been  transmitted  to  start  (it  may  be)  carbonaceous 
oxidation  as  well ; that  in  the  confined  conditions  of  the  coal 
holds,  where  this  has  been  taking  place,  the  heat  so  produced 
has  likewise  determined,  in  parts  of  the  cargo,  the  destructive 
distillation  of  the  coal,  thus  evolving  products  of  a highly 
inflammable  and  explosive  nature  ; and  those  actions  have  often 
finally  culminated  in  the  cargo  suddenly  ‘bursting  out  into 
flames  all  over.’  This  has  frequently  been  preceded  by  ex- 
plosions, and  sometimes  also  followed  by  repeated  explosions, 
even  after  all  the  hatches  have  been  blown  off.” 

CHARCOAL.,  BONE  BLACK,  LAMP  BLACK, 
VEGETABLE  BLACK. 

These  substances,  which  are  so  porous  as  to  absoib  and 
bring  considerable  quantities  of  oxygen  from  the  air  in  intimate 
contact  with  them,  often  uniting  and  developing  sufficient  heat 
to  cause  spontaneous  combustion,  are  essentially  one  and  the 
same  substance,  viz.,  carbon.  This  element  is  a constituent  of 
all  vegetable  and  animal  matters,  from  which  it  can  be  obtained 
commercially  in  various  degrees  of  porosity  and  purity,  and 
known  under  various  names. 

Charcoal. — 'This  product  is  largely  produced  for  the 
manufacture  of  gunpowder,  by  heating  billets  of  wood  out  of 
contact  with  air,  until  all  bituminous  matters  are  eliminated. 
The  resulting  residue  consists  of  a black,  hard,  and  brittle  mass 
of  charcoal,  which  still  retains  the  shape  of  the  original  wood, 
and  which  burns,  when  kindled  in  air,  with  practically  no  flame. 
Besides  carbon,  it  contains  a notable  quantity  of  minera 
matter,  which  is  an  essential  constituent  of  all  vegetable 
substances,  together  with  smaller  quantities  of  hydrogen  and 
oxygen  that  are  not  perfectly  eliminated  during  the  heating. 
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Charcoal  is  extremely  porous,  and  has  the  property  of  absorb- 
ing considerable  quantities  of  various  gases  and  vapours,  and 
its  absorbent  powers  varies  according  to  the  kind  of  wood  from 
which  it  was  produced.  The  charcoal  produced  from  cocoa- 
nut  shells  appears  to  be  the  most  porous  kind.  The  following 
table  shows  the  number  of  volumes  of  various  gases  absorbed 
at  the  ordinary  temperature  by  one  volume  of  charcoal  made 
from  boxwood  : — 


Ammonia  - 

9° 

Hydrochloric  acid  - 

- 85 

Sulphurous  acid 

65 

Sulphuretted  hydrogen 

55 

Carbonic  acid 

35 

Carbonic  oxide 

9.4 

Oxygen 

9.2 

Nitrogen 

7-5 

Hydrogen  - 

I-75 

Charcoal  in  sticks  is  less  dangerous  than  when  in  powder. 
If  charcoal  be  in  a powder,  and  stored  in  a heap  in  quantities 
above  50  lbs.,  absorption  of  atmospheric  oxygen  takes  place, 
so  rapidly  as  to  often  cause  spontaneous  ignition ; external 
warmth  of  course  enhances  this  risk.  Charcoal,  if  desired  to 
be  kept  in  any  quantity,  should  therefore  be  stored  in  small 
lots  in  isolated  and  fireproof  buildings. 

Bone  Black  ( Animal  Charcoal , Ivory  Black).  — This 
substance  is  prepared  by  heating  bones,  hoofs,  skins,  &c.,  out 
of  contact  with  air.  Various  gases,  water,  and  tarry  matters  are 
eliminated,  and  the  carbonaceous  residue  of  bone  black  in  the 
form  of  small  grains  is  left  in  the  retort,  together  with  the  mineral 
matter  (phosphates,  &c.),  originally  present  in  the  bones,  &c. 
| his  substance  is  used  for  decolourising  and  clarifying  organic 
liquids,  such  as  syrups,  &c.  When  slightly  damp  or  oily,  it  is 
very  liable  to  ignite  spontaneously. 

Lamp  Black.—' This  variety  of  carbon  is  produced  from 
the  incomplete  combustion  of  bone  oil,  coal  tar,  &c  the 
smoke  from  which  is  received  in  suitable  chambers,  where  the 
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lamp  black  deposits  in  a fine  state  of  subdivision.  Formerly, 
it  was  obtained  from  the  soot  of  badly  trimmed  oil  lamps.  It 
is  used  for  making  fine  black  paints.  When  moist  or  con- 
taminated with  oil,  it  is  very  liable  to  become  heated  to  the 
point  of  combustion  by  the  oxidising  agency  of  the  air.  Many 
serious  fires  have  resulted  from  the  want  of  knowledge  as  to 
the  hazardous  nature  of  this  material.  It  should  be  stored  in 
dry  metallic  vessels  in  small  quantities  out  of  contact  with  air. 

Vegetable  Black  is  produced  in  a similar  manner  to 
lamp  black,  principally  from  oils.  Frankfort  black  is  produced 
from  wine  lees  and  twigs,  almond  and  peach  stones,  &c.,  by 
burning  and  grinding  to  powder.  It  may  be  considered  to 
have  the  same  properties  as  lamp  black. 

Soot,  Powdered  Coal,  and  Coke  are  also  similar 
bodies,  and  liable  under  certain  conditions  to  become  spon- 
taneously inflammable. 


OILY  GOODS. 

A frequent  source  of  fires  is  the  spontaneous  ignition  of 
various  materials  more  or  less  saturated  with  oils  or  fats.  I he 
following  is  a list  of  common  materials  of  this  class,  which 
when  containing  oily  matter,  and  when  under  favourable 
conditions,  will  often  ignite  naturally  Waste,  tow,  rags,  saw- 
dust, shavings,  cotton  and  woollen  cloth,  roofing  felt,  and  in 
fact  all  porous  combustible  bodies  containing  any  oily  or 
resinous  substance,  having  an  affinity  for  oxygen.  All  vegetable 
and  animal  oils  have  more  or  less  affinity  for  oxygen,  while 
those  produced  from  the  distillation  of  petroleum  and  shale 
are  practically  unacted  upon  by  the  element.  'I  he  oils  which 
oxidise  in  the  air  most  rapidly  are  the  vegetable  drying  oils, 
such  as  linseed,  hempseed,  poppy  oil,  &c.  Now  this  gradual 
oxidation  of  oils  is  always  accompanied  with  more  or  less  heat, 
and  if  a large  area  of  oil  is  exposed  to  the  action  of  the  air,  as 
is  the  case  when  associated  with  the  above-mentioned  materials, 
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oxidation  proceeds  so  rapidly  as  to  produce  an  accumulation  of 
heat  often  sufficient  in  intensity  to  cause  inflammation. 

The  chances  of  spontaneous  ignition  of  oily  materials  in 
heaps  or  bales  is  greatly  enhanced  when  under  the  influence 
of  artificial  heat  from  the  sun’s  rays,  steam  or  hot  water  pipes, 
boilers  or  flues. 

I he  following  are  results  of  some  interesting  experiments 
conducted  by  Mr  J.  J.  Coleman  and  Dr  Young,  to  ascertain 
the  time  and  temperature  necessary  that  combustible  fibre 
saturated  with  various  oils  would  become  spontaneously  in- 
flammable. Waste  was  saturated  with  different  oils,  and 
suspended  in  a chamber  heated  to  the  temperature  of  boiling 
water,  and  the  time  and  temperature  noted  when  the  oleaginous 
material  entered  into  combustion  : — 


Oil  and  Medium. 


Cotton  waste  saturated  with  whale  oil  - 
Cotton  waste  saturated  with  olive  oil  - 
Olive  oil  and  20  per  cent,  mineral  oil  - 
Olive  50  per  cent.,  and  mineral  50  per  cent.  - 

Wool  waste  and  seal  oil 
Wool  waste  and  whale  oil  - 
Wool  waste  and  cottonseed  oil  - 
Wool  waste  and  olive  oil  ... 

Wool  waste  and  refined  rape  oil  - 

Wool  waste  and  crude  rape  oil 

Wool  waste  and  cottonseed  80,  and  mineral  20 

Jute  waste  with  whale  oil  - 
Jute  waste  with  50  per  cent,  whale  and  50  per 
cent,  mineral 


Entered  into 
combustion  after 

| At  a tem- 
perature of 

3 hours 

3290  F. 

4 „ 

35LF- 

8 >. 

35T  F. 

No  change  after 

200°  F. 

26  hours 

3 „ 

381°  F. 

3 

370°  F. 

5 ,, 

352°  F. 

7 ,, 

35i°F. 

6 „ 

35i°F- 

8 )> 

3250  F. 

No  change  after 

200°  F. 

26  hours 

8 „ 

356°  F. 

No  change  after 

200°  F. 

26  hours 

In  a chamber  with  a temperature  varying  from  130°  to  170° 
1'.,  the  following  results  were  obtained  : 

Boiled  linseed  oil  on  cotton  wool  ignited  in  ii  hours 
Raw 

Lard  oil  ” ^ ” 

Colza  ,,  ” ^ ” 

Olive  „ ” ” 6 


>> 

>> 


>> 


5 
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Seal  oil  and  mineral  oil  in  equal  parts  on  cotton  would  not 


ignite. 

In  a chamber  heated  from  i8o°  F.  to  200°  F.,  the  following 


results  were  obtained  : — 


The 


Colza  oil  on  wool  ignited  in 

6 hours. 

Olive  oil  on  cotton  ,, 

2 >> 

Olive  oil  on  wool  „ 

7 

Seal  oil  on  wool  „ 

3 >' 

Whale  oil  on  jute  ,, 

9 » 

Whale  oil  on  cotton  ,, 

3 >> 

Cottonseed  oil  on  wool ,, 

5'2  >> 

following  were  not  ignited 

by  twenty-four  hours’ 

exposure  in  the  hot  air  chamber : — 

Olive  oil  and  mineral  oil,  equal  parts,  on  cotton. 

Colza  oil  and  20  per  cent,  mineral  oil  on  wool. 

Seal  and  mineral  oil,  equal  parts,  on  wool. 

Whale  and  mineral  oil,  equal  parts,  on  jute. 

Cottonseed  oil  and  20  per  cent,  mineral  oil  on  wool. 

It  will  be  seen  from  the  above  results  that  the  rapidity  of 
oxidation  depends  not  only  upon  the  kind  of  oil,  but  also  upon 
the  nature  of  substance  with  which  it  is  saturated,  and  that 
mineral  oil  (which  has  no  affinity  for  oxygen),  when  present 
with  fatty  oils  on  waste,  &c.,  either  retards  or  prevents  spon- 
taneous ignition  altogether. 

Oily  and  dirty  waste  or  rags  of  all  kinds  should  not  be 
allowed  to  accumulate  in  heaps  on  an  inflammable  body ; but 
should,  if  necessary  to  be  stored,  be  kept  in  metallic  vessels, 
in  corrugated  iron  or  other  sheds,  away  from  other  buildings 
liable  to  be  affected  by  fire.  If  dirty  and  oily  waste  be  not 
required  for  the  recovery  of  the  oil,  &c.,  it  contains,  it  should  .; 
be  burnt,  preferably  under  boilers. 


HAY. 

This  is  an  inflammable  material  which  is  frequently  found 
ablaze  brought  about  by  heat  produced  resulting  from  the 
chemical  action  termed  fermentation,  when  the  hay  is  stored 
away  in  a damp  state. 
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If  hay  or  other  cut  grasses  be  properly  cured  ox  dried  prior 
to  storage,  and  kept  dry,  there  can  be  no  fear  of  ignition  unless 
from  lightning,  a spark,  or  other  external  means.  The  heat 
generated  in  a heap  of  damp  hay  may  be  explained  as 
follows  : — 


Organic  matter  in  a damp  state,  when  exposed  to  the  air, 
decomposes,  with  the  liberation  of  carbonic  acid  and  other 
bodies.  1 his  decomposition,  which  is  always  accompanied  by 
the  development  of  heat,  is  termed  fermentation , a process 
brought  about  by  the  development  and  sustenance  of  micro- 
scopical organisms  upon  the  organic  substance.  Now,  if  there 
is  anything  fatal  to  the  growth  of  fermentive  micro-organisms, 
it  is  absence  of  water,  without  which  the  germs  cannot  absorb 
the  nutriment  necessary  for  their  vital  support.  Hence  it  is 
that  the  farmer,  when  the  weather  is  favourable,  endeavours 
to  get  his  hay  thoroughly  desiccated  before  it  is  raked  up  for 
stacking.  1 


Should  the  hay  be  stacked  in  a damp  state,  fermentation 
would  eventually  develop  itself.  Here  heat  is  generated,  and  in 
t e centre  of  the  stack  it  has  no  vent  for  dissipation,  and 
consequently  accumulates  until  the  temperature  rises  sufficiently 
Tig  to  cause  a smouldering  or  charring  combustion  This 
action  gradually  increases  until  the  dry  hay,  and  some  of  the  pro- 
ducts of  its  destructive  distillation  produced  in  the  immediate 
neighbourhood  of  the  incipiently  burning  nucleus,  is  raised  to 
the  point  of  ignition,  and  the  haystack  is  soon  in  flames  It 
is  not  only  necessary  to  store  hay  in  a dry  state  to  prevent 
fermentation,  but  that  it  should  be  kept  dry,  since  it  is  now 
generally  agreed  that  dried  or  hay,  on  becoming  agaffi 

vet,  can,  under  certain  conditions,  give  out  heat  sufficient  to 
cause  spontaneous  ignition. 

These  remarks  apply  also  to  a number  of  other  vegetable 
and  animal  substances,  when  stored  or  conveyed  in  bulk  such 
as  Bark,  Esparto,  and  other  Grasses , Barley  and  Grain  of  all 
kinds,  Roasted  and  Ground  Coffee,  Barley,  Rice,  Peas,  Date-stones 
Beans , and  Acorns,  Rubbish  hearts  ill  r'  j • ’ 

V^eaniAnida,  Refit GuZ. 
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SPENT  OXIDE. 


This  substance  results  from  the  purification  of  coal  gas  from 
sulphuretted  hydrogen  with  peroxide  of  iron  ; the  natural  variety, 
called  “bog  oxide,”  obtained  from  Ireland,  being  that  mostly 
used  in  this  country  for  the  purpose.  An  examination  of  a 
sample  of  bog  oxide  by  the  writer  was  found  to  consist  of  15 
per  cent,  organic  matter,  27  per  cent,  of  peroxide  of  iron,  and 
co  per  cent,  of  water.  In  the  purification  of  the  gas,  the  oxide 
is  spread  in  layers  of  about  10  inches  over  perforated  trays, 
placed  one  above  the  other,  in  the  “ purifiers.”  The  sulphuretted 
hydrogen  present  in  the  coal  gas,  on  coming  in  contact  wit 
the  oxide  of  iron,  combines  with  it,  forming  persulphide  of  iron, 
and  after  it  ceases  to  absorb  any  more  of  the  gas  it  is  taken 
out  and  oxidised  in  the  air.  By  this  means  the  sulphide  of 
iron  is  reoxidised  to  peroxide,  and  free  sulphur  liberated,  and 
maybe  again  used  for  gas  purification,  and  the  reoxid.sat.on 
repeated  several  times  until  the  accumulation  of  free  su^ 
retards  further  absorption  of  sulphuretted  hydrogen.  The  free 
sulphur  in  “spent  oxide”  ranges  from  45  to  55  cent; 
Great  care  should  be  taken  that  the  reoxidisat.on  takes  place 
gradually  and  in  a fireproof  locality,  because  the  heat  given  out 
during  oxidation  has  often  been  sufficient  to  cause  “spontaneous 

combustion.” 


FELT. 


Many  cases  of  fires  resulting  from  spontaneous  comta- 
tion  of  felt  are  on  record.  One  case  came  under  the  writer  s 
observation  some  time  ago,  when  a fire  broke  out  in  a rai  w y 
shed  in  which  were  bales  of  roofing  felt.  The  felt  contained  * 
large  quantity  of  resin  j there  was  no  external  source  of  fire 
and  all  the  circumstances  tended^  show  that  this  was  a clea 

case  of  “spontaneous  combustion.”  .. 

A memorandum  was  issued  by  the  Manne  Departm^t  a 
the  Board  of  Trade,  in  June  .885  respect mg  Ac  — t of 
what  is  known  in  commerce  as  inodorous  felt, 
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stated  that  the  attention  of  the  Board  having  been  called  to 
several  well-authenticated  cases  of  spontaneous  combustion 
occurring  in  the  material  referred  to,  they  had  caused  inquiries 
to  be  made  upon  the  subject.  The  particulars  relating  to  a 
fire  on  board  the  S.S.  “Gulf  of  Venice”  were  set  out  in  detail 
as  an  example  of  the  danger  which  is  known  to  arise  from  the 
shipment  of  the  material.  In  that  case  the  felt  was  manufac- 
tured in  Belfast,  and  sent  to  London  by  sea.  It  was  there 
transhipped  to  the  “Gulf  of  Venice,”  which  vessel  cleared  in 
September  1883,  via  the  Suez  Canal,  for  Australia.  The 
material  was  described  at  the  Custom  House  as  “ felt,  woollen 
manufactures,”  but  on  the  bill  of  lading  simply  as  so  many 
cases  of  felt.  The  insufficiency  of  this  marking  is  apparent,  as 
on  examination  it  was  found  that  the  material  was  made  from 
the  refuse  of  flax,  treated  with  resin  previously  moistened  with 
oil.  Inodorous  felt  is  generally  made  from  these  materials, 
but  the  refuse  of  jute  is  sometimes  substituted  for  the  refuse  of 
flax,  and  various  descriptions  of  oil  (including  paraffin)  are  used. 

The  following  is  an  account  of  the  fire,  extracted  from  the 
official  log  book:— “On  the  15th  October  1883,  the  vessel 
being  in  the  Indian  Ocean,  the  chief  officer  reported  that  smoke 
was  coming  out  of  the  forward  ventilator  on  starboard  side  in 
No.  1 ’tween  decks.  At  once  directed  the  hatches  to  be  taken 
off,  and  had  the  fire  hose  played  in  the  part  of  the  hold  where 
the  body  of  the  smoke  was  most  dense.  After  a few  minutes, 
finding  it  had  the  desired  effect,  stopped  playing  water  in  the 
hold,  and  began  taking  the  cargo  on  deck.  After  a short  time 
came  on  the  burning  portion  of  the  cargo,  which  was  a bale  of 
felt,  and  it  was  on  fire  right  in  the  middle  of  one  of  the  bolts 
of  felt  in  a case.  Had  it  removed  on  deck  and  thrown  over- 
board. Examined  the  other  cargo  around  it,  but  found  no 
more  heated.  Had  all  that  had  been  wet  with  the  hose  brought 
on  deck  to  dry.  They  were  all  more  or  less  cut  with  hooks  while 
being  got  on  deck  before  the  burning  bale  was  got  at.  On  the 
1 7th  October,  while  examining  the  fore  hold  where  the  fire 
had  been  on  the  15th,  found  another  bale  of  same  mark  as 
that  on  fire  before  very  much  heated  and  commencing  to  let 
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out  smoke.  Brought  it  on  deck,  with  six  more  of  the  same 
quality,  and  having  cut  them  open,  found  them  greatly  heated 
over  2100.  Deeming  them  not  safe  to  again  stow  with  any 
other  cargo,  had  them  all  hove  overboard.  On  the  24th 
October  1S83  found  that  fire  had  again  broken  out  in  fore 
hold  No.  1.  Got  the  cargo  on  deck  from  the  lower  hold  and 
got  at  the  cause  of  the  fire— a bale  of  felt.  Got  it  on  deck  and 
hove  it  overboard.  Stowed  cargo  on  deck,  and  covered  it  over 

with  sails.” 

It  is  to  be  noted  that  no  claim  was  made  for  the  non- 
delivery of  the  shipment  either  in  Australia  or  in  the  United 

Kingdom. 

The  master,  previously  to  throwing  the  felt  overboard,  cut 
samples  from  the  burning  bales,  portions  of  which  came  into 
the  possession  of  the  Board  of  Trade,  and  were  submitted  to 
experts  connected  with  the  felt  trade,  all  of  whom  expressed 
the  opinion  that  it  was  a dangerous  material  to  ship,  and  very 
liable  to  spontaneous  combustion. 

At  a special  meeting  of  the  Feltmakers’  Association,  held 
in  London  on  18th  January,  attention  was  called  to  the  frequent 
occurrence  of  spontaneous  combustion  in  inodorous  felt  on 
board  ship,  and  the  following  resolutions  were  unanimously 

adopted : — 

(1.)  “That  inasmuch  as  inodorous  felt  is  liable  to  spon- 
taneous combustion,  in  future  no  inodorous  felt 
be  shipped  to  foreign  ports.’ 

(2.)  “That  the  following  notice  shall  be  placed  on  all 
letters  relative  to  inodorous  felt  for  shipment 
abroad:  ‘Inodorous  felt,  being  liable  to  spon- 
taneous combustion,  should  not  be  shipped  for 
transmission  abroad,  but  if  you  wish  to  do  so, 
please  see  the  Merchant  Shipping  Act  of  1873, 
Sections  23  and  24.'  This  notice  to  be  printed 
in  red  and  pasted  on  the  invoice  of  all  orders, 
where  there  is  the  slightest  suspicion  that  it  is 
intended  for  transmission  abroad 
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It  was  also  subsequently  agreed  to  prominently  mark  on 
each  frame  the  words  “inodorous  felt”  in  red  letters  if  inches 
long. 

The  memorandum  pointed  out,  however,  that  inodorous 
felt  should  not  be  confounded  with  tarred  roofing  and  sheathing 
felts,  which  (so  far,  it  was  said,  as  the  Board  of  Trade  had  been 
able  to  ascertain)  are  not  liable  to  spontaneous  combustion. 
Inodorous  felt,  although  used  as  a roofing  felt,  can  generally 
be  distinguished  from  other  kinds  by  its  lighter  colour;  and  if 
the  precautions  in  marking,  which  the  Feltmakers’  Association 
have  agreed  to  adopt,  be  observed,  it  was  hoped  by  the  Board 
that  cases  of  fire  originating  in  this  article  on  board  ship  might 
for  the  future  be  avoided. 

The  Board  of  Trade  have  also  issued  the  following  instruc- 
tions to  Detaining  and  Emigration  Officers  at  the  several  ports 
to  the  transport  of  inodorous  felt:— “It  should  on  no  account 
be  treated  as  general  cargo,  and  covered  with  other  goods. 
Emigration  Officers  should  not  allow  inodorous  felt  to  be 
loaded  on  board  passenger  ships  (see  Section  29  of  the 
Passengers  Act,  1855),  and  in  the  event  of  the  material  being 
m any  case  shipped  in  such  a manner  as,  in  the  opinion  of  a 
Detaining  Officer,  to  render  a ship  unfit  to  proceed  to  sea 
without  serious  danger  to  human  life,  he  should  not  hesitate  to 
order  provisional  detention,  if  necessary,  under  Section  6 of  the 
Merchant  Shipping  Act,  1876,  refening  to  the  Board  of  Trade 
if  he  is  in  doubt  or  difficulty.” 


SECTION  IX. 


EXPLOSIVES. 

An  explosive  is  a body  which,  under  favourable  conditions 
necessary  for  its  decomposition  (or  combination),  can  give  rise 
to  a sudden  increase  in  pressure  in  surrounding  air  or  gases, 
consequent  upon  the  violent  and  sudden  expansion  of  tie 
products  of  such  decomposition  (or  combination).  I he  Ex- 
plosives Act,  1875,”  defines  the  term  “explosives”  as  follows: 

(1)  “Means  gunpowder,  nitro-glycerine,  dynamite,  gun- 
cotton, blasting  powders,  fulminate  of  mercury,  or  other  metals 
coloured  fires,  and  every  other  substance,  whether  similar  to 
those  above  mentioned  or  not,  used  or  manufactured  with  a 
view  to  produce  a practical  effect  by  explosion  or  a pyrotechnic 

effect  , ^cudes  fog  signals,  fireworks,  fuses,  rockets,  per- 
cussion caps,  detonators,  cartridges,  ammunition  of  all  descrip- 
tor and  wy  adaptation  or  preparation  of  an  explosive  as 

above  defined.”  . « 1 • 1,  » 

the  i)r0t°typeS  dyna‘ 

■“rrx-xss. — . - «- 

on  pace  201  as  contained  in  an  Order  of  Council,  dated  51 
\u-mst  1875,  is  divided  into  eight  classes,  each  class  being 
somewhat  similar  in  composition  and  general  properties, 
although  known  under  a great  variety  of  fancy  names. 
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following  are  the  titles  of  the  eight  classifications  recognised  by 
the  Government : — 

Class  I. — Gunpowder  class. 

Class  II. — Nitrate-mixture  class. 

Class  III. — Nitro-compound  class. 

Class  IV. — Chlorate-mixture  class. 

Class  V. — Fulminate  class. 

Class  VI. — Ammunition  class. 

Class  VII. — Firework  class. 

We  shall  now  give  a description  of  each  of  the  classes  as  to 
properties,  composition,  &c.,  with  the  definitions  as  contained 
in  the  said  Order  of  Council : — 


i— gunpowder  class. 

d he  term  “ gunpowder  ” means  exclusively  gunpowder 
ordinarily  so  called. 

Gunpowder  is  a mechanical  mixture  of  nitre,  charcoal,  and 
sulphur.  Good  charcoal  obtained  from  dogwood,  willow,  or 
alder,  is  the  best  for  the  purpose ; the  sulphur  preferred  is  that 
which  has  been  distilled  and  ground  to  a fine  meal ; and  nitre 
only  of  the  first  quality  is  employed. 

The  proportion  of  these  ingredients  varies  in  different 
countries,  and  also  according  to  the  purpose  for  which  the 
gunpowder  is  proposed  to  be  used. 

d he  following  table  shows  the  percentage  compositions  of 
gunpowders  of  various  countries  : — 


Nitre. 

Sulphur. 

Charcoal. 

English  and  Austrian  (musket)  - 
Prussian  (musket)  - 
Swedish  (musket)  - 
Chinese  - 

French  (musket)  . 

>.  (sporting)  - 
>>  (blasting)  .... 

75 

75 

75 

75-7 

75-o 

76.9 

62 

10 

n-5 

9 

9-9 

12.5 

9.6 

20 

15 
13-5 

16 

14.4 

12.5 

13.5 

iS 
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The  products  of  combustion  of  gunpowder  are  very  compli- 
cated, the  composition  varying  according  to  the  manner  in 
which  the  powder  is  fired.  Karolyi,  Nobel,  and  Abel  suc- 
ceeded in  making  an  analysis  of  the  products  of  combustion  of 
gunpowder. 

The  following  shows  some  of  the  results  obtained  by  firing 
three  kinds  of  powder  under  the  conditions  of  artillery  prac- 
tice : — 

(i.)  Composition  of  the  Powder  Used. 

Ordnance  Small  Arms  Pebble  Powder 


Powder. 


Powder.  (Noble  and  Abel). 


Nitre 

- 73-78 

77-15 

74.67 

Sulphur  - 

- 12.80 

8.63 

10.07 

(Carbon 

- io.SS'i 

n.78^ 

12. 12-> 

1 

§ J 

Hydrogen  - 

- 0.38 1 

(13-39  ° ( :4'27 

O.42  1 

\ H- 

i 1 

I Oxygen  - 

1.82 

1-45 

I 

u 1 

\Ash  - 

- 0.30 

0.28-' 

0.2  y 

Water 

- 

0.95 

99-97 

100.05 

99.91 

; 2 .)  Products  of  Comhustion  of 

Ordnance 

Powder. 

100  Parts 

Small  Arms 
Powder. 

Nitrogen  - 

- 9-77 

10.06 

Carbonic  Acid  - 

- 17-39 

21.79 

Carbonic  Oxide 

2.64 

1.47 

Hydrogen 

0. 11 

0. 14 

Sulph.  Hydrogen 

0.27 

O.23 

Marsh  Gas 

0.40 

O.49 

Total  Gaseous 

- 30-58 

34.18 

Pebble  Powder 
(Noble  and  Abel). 

11-39 

27.70 

4-73 
O.05 
o.  S4 
0. 12 


Ammonic  Sesquicar 
bonate  - 

Potassic  Sulphate 
,,  Carbonate 
,,  Thiosulphate 
,,  Sulphide 
Charcoal  - 
Sulphur  - 
Loss 

Potassic  Sulphocyanatc 
,,  Nitrate 


2.6S 

36.95 
19.40 
2.85 
o.  11 
2-57 
4.69 
0.17 


2.66 
36.17 
20. 78 
1.77 


69.42 


2.60 
1. 16 
o.  6S 


65-82 


44-83 


0.04 

6.5s 

30.9S 

3-38 

10.55 

3.40 

0.13 
o.  11 

55*  x7 


Total  Solid 
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(3.)  Products  of 

Com  rust  ion 

uv  Volume  in 

100  of  Gas. 

Ordnance 

Small  Arms 

Pebble  Powder 

Powder. 

Powder. 

(Noble  and  Abel). 

Nitrogen  - 

- 37-58 

35-33 

32.19 

Carbonic  Acid  - 

- 42.74 

48.90 

49.82 

Carbonic  Oxide 

- 10.19 

5.18 

I3-36 

Hydrogen 

- 5-93 

6.90 

2.oS 

Sulphuretted  Hydrogen  0.86 

0.67 

I.96 

Marsh  Gas 

2.70 

3.02 

O.58 

100.00 

100.00 

99-99 

II—  NITRATE-MIXTURE  CLASS. 

The  term  “nitrate-mixture”  means  any  preparation,  other 
than  gunpowder  ordinarily  so  called,  formed  by  the  mechanical 
mixture  of  a nitrate  with  any  form  of  carbon  or  with  any 
carbonaceous  substance  not  possessed  of  explosive  properties, 
whether  sulphur  be  or  be  not  added  to  such  preparation,  and 
whether  such  preparation  be  or  be  not  mechanically  mixed  with 
any  other  non-explosive  substance. 

The  nitrate-mixture  class  comprises  such  explosives  as 
Pyrolithe,  Pudrolithe,  Poudre  Saxifragine,  and  any  preparation 
coming  within  the  above  definition. 

The  principal  difference  in  the  composition  of  these  powders 
to  ordinary  gunpowder  is  the  substitution  of  a part  or  whole  of 
the  nitrate  of  potash  by  other  nitrates,  such  as  those  of  sodium, 
ammonium,  and  barium.  Nitrate  of  sodium  and  ammonium 
are  rather  deliquescent  salts,  and  powder  made  from  them 
would  soon  get  damp  when  used  in  the  same  manner  as 
ordinary  powder  in  such  climates  as  England.  In  tropical 
climates  there  would  be  some  advantage  in  their  use,  sodium 
nitrate  being  considerably  cheaper  than  potassium  nitrate ; and 
it  is  stated  that  powder  made  with  sodium  nitrate  is  about  one- 
third  stronger  than  when  produced  from  nitrate  of  potassium 

The  following  is  a list  of  names  of  the  various  powders 
coming  under  this  class  : — 

Bennett’s  Powder. 

Bleckmann’s  Powder  (also  called 
Ilaloxyline). 


Aix-la-Chapelle  Powder. 
Amide  Powder. 
Azontinc, 
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Bolton’s  Powder. 

Brandeisl’s  Powder. 

Courlreille’s  Powder  (also  called 
Triumph  Safety  Powder). 

Davey’s  Powder. 

De  Terre’s  Powders. 

De  Tret’s  Powder  (also  known  as 
Pyronome). 

Dieckerhoff’s  Powder. 

Diorrexin. 

Eaton’s  Powder. 

Eisler’s  Powder. 

Espir’s  Powder. 

Freiberg  Powder. 

Gacon’s  Powder  (Grenadine). 
Gallahir’s  Powder. 

Gemperle. 

Glycero-nitre  (also  known  as  Fortis). 
Fortis. 

Forlisine  (originally  termed  Fortis 
3 and  4). 

Haloxyline. 

Hardy’s  Powder. 

Harrison’s  Powder. 

Heraklin. 

Johnite  (also  called  Jahnit). 

Kiips. 

Lederit. 

Liesch’s  Powder  (also  called  Petralit ). 
Lithofracteur. 


Lobb’s  Powder. 

Maxim’s  Powder. 

Miller’s  Powder. 

Murtineddu’s  Powders. 

Nobel’s  Powder. 

Oliver’s  Powder. 

Oriental  Powder. 

Oxland’s  Powder. 

Petralite. 

Pudrolithe  or  Rock  Powder. 
Pyrolithe. 

Pyronome. 

Pyronitrine. 

Roberts’  Powder. 

Rock  Powder  (Pudrolithe). 
Robandis  Powder  (Brise-rocs). 
Safety  Blasting  Powder  (Carbo- 
azotine). 

Saxifragine. 

Schaffer’s  Powders. 

Soulages. 

Starch  Powder. 

Sulphurite. 

Violctte’s  Powder. 

Vulcanite. 

Wetzler  Powder. 

Windsor’s  Powder. 

Wynont’s  Powder. 

Xanthine  Powder. 


The  majority  of  these  powders  do  not  get  beyond  the 
Patent  Office  and  the  experimental  stage.  The  following  is  a 
list  of  the  more  notable  varieties  of  this  class,  showing  their 
compositions : — 


“Amide  Powder.” 

Saltpetre  - - - 101  Parts- 

Nitrate  of  Ammonia  - So  „ 
Charcoal  - - - 4°  >> 


“Bennett’s  Powder.” 


Saltpetre 
Sulphur 
Charcoal 
Dime  - 


65  parts. 
10  ,, 
iS  „ 

7 » 
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“Bolton’s  Powder.” 


Carbonate  of  Copper 

8 parts. 

Nitrate  of  Soda 

- 35°  parts. 

Graphite 

- 10  „ 

Soda  Ash 

- 20  ,, 

Prepared  Quicklime 

- 14  ,, 

Ferrocyanideof  Potassium  300  ., 

,,  Alum 

- 5°  .. 

Charcoal 

- 30  „ 

,,  Sugar 

- 350  ,, 

Carbonate  of  Potash 

- 45° 

“ Courtreille’s 

Powder  ” (Triumph  Safety 

Powder). 

Nitrate  of  Soda  or  Potash  ------  60  to  75  parts. 

Sulphur to  12  ,, 

charcoal 7 to  10  „ 

Peat  and  Hard  Coal 9 to  12  ,, 

“Combined  Metallic  Sulphate” 2 to  4 

Oleaginous  Matter,  animal  or  vegetable  (or  tar),  refined  or 

crlu,e to  3 „ 


“Brandeisl’s  Powder.” 

Saltpetre  - - -16  parts. 

Sulphur  2 

Sugar  - - . - 3 ’’ 


“ Davey’s  Powder.” 

Saltpetre  - - - 64  parts. 

Sulphur  - . - 16  ,, 

Charcoal  - - - 12 

1 ^ ,, 

Fluor,  Bran,  or  Starch  - 8 ,, 


“ Pyronome.” 

Nitrate  of  Soda  - - 52. 5 parts. 

Spent  Tan  - - - 27. 5 ,, 

Sulphur  - . . 2o.o  ” 


“Espir’s  Powder.” 

Nitrate  of  Soda  - - 60  parts. 

Sulphur  - - . - 14  , 

Sawdust  - - - 26 


“ Diorrexin.  ” 


Nitrate  of  Potash  and  Soda  75 
Sulphur  - 
Sawdust  - 
Charcoal 
Picric 
Moisture 


- 12 

- 1 3 


B. 

60 

12 

10 

7 

J-5 

7-5 


“Eisler's  Powder.” 


Nitrate  of  Soda 
Sulphur 
Charcoal 
Sugar  - 
Ashes  - 
Moisture 


- 7°- 1 parts. 

- 17-6  „ 

- 12.25  ,, 

- i-2  „ 

- i-2  „ 

- °-«3  „ 
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Fortis  or  Glycero-Nitre. 


I 

2 

3 

4 

5 

6 

7 

8 

9 

Nitrate  of 
Potash  - 

65.01 

66.02 

67.03 

68.04 

69.05 

70.06 

72.08 

74.10 

93-19! 

Sulphur  - 

12.00 

12.00 

12.00 

12.  OO 

12.00 

12.00 

12.00 

12.00 

I2.CK3 

Lampbl’k 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3-°°, 

Tan  - - 

20.00 

20.00 

20. 00 

20.00 

20.00 

20.00 

20.00 

20.00 

25.OO 

Sulphate 
of  Iron  - 

i-39 

2.7S 

4.17 

5-56 

6.95 

8.34 

11. 12 

13.90 

27.8 

Glycerine 

0.92 

0.92 

0.92 

0.92 

0.92 

0.92 

0.92 

0.92 

1.04 

102.32 

104.72 

107. 12 

109.52 

11 1.92 

114.32 

1 19. 12 

1 

123.92 

162.83 

The  first  five  materials  are  powdered,  wetted,  and  evapo- 
rated nearly  to  dryness ; it  is  then  completely  dried,  cooled, 
and  the  glycerine  added  to  it.  It  is  a black  powder,  and  it  is 
claimed  that  the  various  forms  of  nitro-glycerine  are  produced 
in  the  act  of  explosion  in  a blast  hole.  Licenses  are  granted 
for  the  manufacture  and  use  of  this  explosive  under  certain 


conditions. 

Harrison’s  Powder. 

Saccharum  (saccharine  matter)  - 
Saltpetre  - 

Club  Moss  (. Lycopodium  clavatum)  ■ 


50  parts. 
48  11 
2 ,, 


Johnite. 

Nitrate  of  Potash  - - 75  parts. 

Sulphur  - - - 10  ,, 

Lignite  - - - * 10  >> 

Picrate  of  Soda  • - 3 n 

Chlorate  of  Potash  - 2 ,, 


Murtineddu’s  Powder. 


Saltpetre 

- 

- 100  parts. 

Sulphur  - 

- 

- 100  „ 

Sawdust 

- 

- 5°  n 

Ilorse  Dung  - 

- 

- 5°  1 1 

Sea  Salt 

- 

- 10  „ 

Treacle  - 

- 

- 4 • n 

Petralite. 

Saltpetre  - - "63  parts. 

Charcoal  - - - 3°  >’ 

Sulphide  of  Antimony  - 6 ,, 


Pudrolithe. 


Saltpetre  - - - 6S  parts. 

Sulphur  - 12  parts  | Sulphur  S ,, 
or  1 Gumlac  3 n 


Charcoal  - - - 6 ,, 

Nitrate  of  Baryta  - 3 ■ • 

Nitrate  of  Soda  3 n 

Sawdust  - - 5 i> 

Spent  Tan  - - 3 >> 
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Pyronitrine. 

1 2 

Nitrate  of  Soda 35  iS 

Saltpetre - - - 35  45 

Tan 15  15 

“Sulphate”  ---------  2 3 

Sulphur 6 9 

Charcoal 3 

Resin . . A ^ 


Safety  Blasting  Powder  (Carbo-azotine). 

Nitrate  of  Potash ) 

,,  Soda  lone,  two,  or  three  Nitrates  - - in  all  50  to  64  pans. 

,,  Lime  ) 


SulPhl>r 13  to  16  ,, 

Tanner’s  Bark  (that  containing  refuse  animal  matter  is' 

preferred),  or 

Sawdust,  or  - - - - - . . . _ - 14  to  16  ,, 

Bark  and  Sawdust - . , 

Soot  or  Lampblack  or  both  - . - - - - 9 to  iS 


Saxifragine. 

Nitrate  of  Baryta  - - 77  parts. 

Charcoal  - - - 21 

Saltpetre  - - - 2 ,, 


Sulphurite. 

Saltpetre  - - - 62  parts. 

Sulphur-  - - - 30  ,, 

Charcoal  - - - a 

'T  >> 

Wood  Ashes  - - - a 

>) 

Xanthine  Powder. 

Saltpetre  - 100  parts. 

Xanthate  - - - 40 

Charcoal  ...  a 

w a 


Schaffer’s  Powder. 

Potassio-Tartratc  of  Soda  4 parts. 
Saltpetre  - - - 78  „ 

Sulphur-  - - - 8 „ 

Charcoal  - - . In 


Vulcanite. 

Nitrate  of  Potash  - 
Nitrate  of  Soda 
Sulphur  - 
Sawdust 

Chlorate  of  Potash  - 
Charcoal 

Sulphate  of  Soda  - 
Sugar  - 
Picric  Acid  - 


35  parts. 
19  „ 

n „ 
9-5  » 
9-5 
6 „ 

2i  „ 

2*  ,, 
it 


III.— NITRO-COMPOUND  CLASS. 

The  term  “ nitro-compound  ” means  any  chemical  com 
pound  possessed  of  explosive  properties,  or  capable  of  com 
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bining  with  metals  to  form  an  explosive  compound,  which  is 
produced  by  the  chemical  action  of  nitric  acid  (whether  mixed 
or  not  with  sulphuric  acid),  or  of  a nitrate  mixed  with  sulphuric 
acid  upon  any  carbonaceous  substance,  whether  such  compound 
is  mechanically  mixed  with  other  substances  or  not. 

The  nitro-compound  class  has  two  divisions. 

Division  i comprises  such  explosives  as — 


Nitro-glycerine, 

Dynamite, 

Lithofracteur, 


Dualine, 
Glyoxiline, 
Methyl ic  Nitrate, 


and  any  chemical  compound  or  mechanically  mixed  prepara- 
tion which  consists  either  wholly  or  partly  of  nitro-glycerine  or 
of  some  other  liquid  nitro-compound. 

Division  2 comprises  such  explosives  as- 


Gun-cotton,  ordinarily  so 
called, 

Gun -paper, 

Xyloidine, 

Nitrated  gun-cotton, 


Cotton  Gunpowder  and 
Cotton  Powder, 
Schultz’s  Powder, 
Nitro-mannite, 

Picrates, 

Picric  Powder, 


and  any  nitro-compound,  as  before  defined,  which  is  not  com- 
prised in  the  first  division. 

The  following  are  characters,  &c.,  of  the  more  important 
representatives  of  this  class  : 


Nitro-Glycerine,  C3H,,(N03)3. 

This  substance,  which  is  the  acting  constituent  of  die 
important  class  of  explosives  generally  termed  “ dynamites,”  is 
prepared  on  a large  scale  by  first  mixing  4 parts  of  strong 
sulphuric  acid  and  1 part  of  fuming  nitric  acid  in  a wooden 
vessel  lined  with  lead,  and  allowing  to  cool,  after  which  1 
part  of  glycerine  is  allowed  to  run  into  the  mixture  in  a thin 
stream.  The  whole  is  agitated  with  compressed  air  and  kept 
cool  with  cold  water,  which  runs  through  leaden  worms  con- 
tained in  the  nitrating  vessel.  The  temperature  of  nitration 
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should  not  exceed  770  F.  On  allowing  to  stand  for  some  time, 
the  nitro-glycerine  separates  as  an  oily  liquid  on  the  surface  of 
the  acid,  which  is  separated,  washed  first  with  water,  and  finally 
with  a dilute  solution  of  sodic  carbonate  to  eliminate  the  last 
traces  of  acids.  The  sulphuric  acid  takes  no  part  in  the 
reaction  beyond  keeping  the  nitric  acid  up  to  the  proper 
strength  by  combining  with  the  water  produced  in  the  process. 

It  is  important  that  all  free  acid  should  be  perfectly  neu- 
tralised, since,  if  any  is  left  in  the  finished  product,  it  is  liable 
to  spontaneously  decompose.  The  specific  gravity  of  nitro- 
glycerine is  1.600  at  6o°  F.,  and  it  solidifies  at  46°  F.  When 
heated  to  about  4950  F.,  it  decomposes  with  a sharp  detonation. 
A similar  result  is  obtained  when  a little  of  the  substance  is 
smartly  struck  or  compressed.  When  ignited  in  air,  it  burns 
with  a greenish  flame  without  explosion.  When  completely 
exploded,  the  products  of  combustion  are  carbonic  acid,  nitrogen, 
water,  and  free  oxygen. 

The  Glycerine  used. — It  is  very  essential  that  the  quality  of 
the  glycerine  used  in  the  manufacture  of  nitro-glycerine  should 
be  of  the  best.  The  minimum  specific  gravity  should  be  1.261 
at  1 50  G,  and  must  be  free  from  lime,  iron,  alumina,  chlorides, 
and  fatty  acids.  Not  more  than  0.25  per  cent,  of  inorganic  and 
organic  matter  should  be  left  when  25  grams  of  the  sample  are 
evaporated  in  a weighed  platinum  dish  and  the  residue  dried 
in  an  air  bath  at  320°  F.,  until  the  weight  remains  constant. 
The  residue  may  be  incinerated,  and  the  amount  of  inorganic 
matter  present  thus  estimated. 

A good  test  of  the  quality  of  glycerine  is  to  measure  the 
proportion  of  nitro-glycerine  yield  on  nitration.  Theoretically 
1 lb.  of  glycerine  should  yield  2.47  lbs.  of  nitro-glycerine,  but  on 
the  manufacturing  scale  only  about  2 lbs.  are  produced,  due  to 
unavoidable  waste  and  the  formation  of  other  nitro-compounds 
which  are  carried  away  with  the  washings. 


Dynamite. 

Dynamite  is  usually  a plastic  body  varying  in  colour  from 
biown  to  reddish  brown,  and  is  prepared  by  mixing  nitro- 
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glycerine  with  a highly  porous  substance  such  as  kieselguhr, 
largely  composed  of  silica. 

Dynamite  is  sent  out  in  cylindrical  rolls  of  a thickness 
suitable  to  the  size  of  bore-holes  required,  and  covered  with 
parchment  paper  so  as  to  form  cartridges.  Packets  of  5 lbs.  of 
cartridges  are  made,  and  ten  of  these  packages  go  to  a box. 

Explosives  of  the  dynamite  class  become  hard  or  frozen 
when  exposed  to  cold,  about  40°  F.  being  the  usual  freezing 
point,  but  they  still  remain  frozen  when  warmed  considerably 
above  this  point.  In  this  condition  dynamite  is  ot  no  use  for 
blasting  purposes  unless  first  thawed.  Frozen  dynamite  is 
much  less  sensitive  to  a blow  or  detonation  than  it  is  in  the 
unfrozen  state,  and  on  ignition  it  is  very  liable  to  explode, 
which  is  not  the  case  with  unfrozen  dynamite,  the  latter  burning 
away  without  explosion.  Great  care  should  be  exercised  in  the 
thawing  of  frozen  dynamite  cartridges,  since  there  have  been 
a great  number  of  fatal  accidents  brought  about  by  warming 
the  cartridges  before  a fire,  &c.,  and  by  methods  of  which  no 
gauge  of  temperature  can  be  obtained.  It  will  appear  obvious, 
when  it  is  considered  how  explosive  nitro  glycerine  compounds 
become  when  they  are  heated  near  their  points  of  explosion, 
viz.,  360°  F.,  that  such  methods  of  thawing  are  highly  dan- 
gerous. 

A safe  method  of  thawing  is  to  employ  an  apparatus  ot  the 
glue-pot  principle.  Hot  water  at  a temperature  of  about  140° 
F.  is  poured  into  the  outer  vessel,  then  the  dry  inner  pot  con- 
taining the  cartridge  is  allowed  to  digest  in  it  until  the  latter 

has  attained  its  normal  condition. 

There  are  two  varieties  of  dynamite  licensed  in  this  country, 
known  as  Dynamite  No.  1 and  Dynamite  No.  2,  the  latter 
being  a slower  and  milder  variety  than  the  former.  Ihe 
following  are  their  legal  definitions  : — 

“ Dvnamite  No.  1,  consisting  of  not  more  than  75  parts  by 
weight  of  thoroughly  purified  nitro  glycerine,  uniformly  with 

25  parts  by  weight  of — 

“(a.)  An  infusorial  earth  known  as  kieselguhr , or 
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“(/a)  A non-explosive  mixture  of  kieselguhr  with  such  other 
ingredients  and  in  such  proportions  as  may  for  the 
time  being  be  sanctioned  by  the  Secretary  of  State. 


“ Provided — 

“(1.)  That  the  said  kiese/guhr,  or  (Z-)  non-explosive  mixture, 
shall  be  sufficiently  absorbent  in  quality  when 
mixed  in  the  above  proportions  to  prevent  exuda- 
tion of  nitro  glycerine ; and 

“(2.)  That  there  may  be  added  to  the  kieselguhr  or 
non-explosive  mixture  an  amount  of  carbonate  of 
ammonium  not  exceeding  \\  parts  by  weight  in 
every  100  parts  by  weight  of  finished  dynamite.” 


The  ingredients  at  present  sanctioned  under  ( b ) are  : — 


Carbonate  of  sodium 
Sulphate  of  barium 
Mica 
Talc  - 
Ochre  - 


In  all  8 parts  (or  less)  by 
weight,  in  substitution 
for  an  equal  amount  by 
weight  of  kieselguhr. 


Provided  that  the  total  amount  of  carbonate  of  sodium  shall  in 
no  case  exceed  3 parts  by  weight  in  every  100  parts  by  weight 
of  the  finished  dynamite. 

“ Dynamite  No.  2,  consisting  of  not  more  than  18  parts  by 
weight  of  thoroughly  purified  nitro-glycerine,  uniformly  mixed 
with  82  parts  by  weight  of  a pulverised  preparation,  composed 
of  nitrate  of  potassium  71  parts,  charcoal  not  less  than  10 
parts,  and  purified  paraffin  (or  ozokerit)  r part  (or  nitrate  of 
potassium  72  parts,  and  charcoal  not  less  than  10  parts)  by 
weight,  and  sufficiently  absorbent  in  quality  when  mixed  in  the 
above  proportions  to  prevent  exudation  of  nitro-glycerine.” 

I here  are  numerous  explosives  of  the  dynamite  class  now 
in  the  market,  containing  a variety  of  substances,  many  of  which 
aie  not  classified  among  the  explosives  licensed  in  this  country, 
tor  the  composition  of  various  kinds,  see  pages  147- 150. 
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Gun-Cotton. 

This  important  explosive,  which  is  also  known  as  nitro- 
cellulose, and  characteristic  of  the  explosives  of  this  division, 
is  manufactured  upon  a similar  principle  to  nitro-glycerine 
from  clean  and  dry  cotton  wool  or  cellulose  by  the  action  of 
a mixture  of  3 parts  by  weight  of  sulphuric  acid,  specific  gravity 
1.84,  to  1 of  nitric  acid,  specific  gravity  1.52.  The  nitrated 
product  thus  produced  is  then  washed  till  free  from  acid,  after 
which  it  is  pulped  and  compressed  into  any  form  required. 
Theoretically  too  parts  by  weight  of  cellulose  produces  218.4 
parts  of  gun-cotton.  Gun-cotton  can  be  thoroughly  soaked  with 
water,  in  which  state  it  is  not  inflammable,  but  will  explode 
when* fired  with  dry  gun-cotton  started  with  a detonator.  Gun- 
cotton has  somewhat  similar  properties  to  nitro-glycerine  when 
burned  or  exposed  to  blows  or  shocks;  also  in  respect  to 
explosion  and  detonation.  It  is  a most  powerful  explosive,  and 
is  extensively  used  for  military  and  blasting  purposes. 

A solution  of  gun-cotton  in  ether  and  alcohol  is  called 
collodion — a photographer’s  requisite.  It  is  also  a constituent 
of  the  highly  inflammable  bodies  known  as  Celluloid , Xylonite , 

and  Xyrolene. 


Picric  Acid. 

Synonyms.  — Trinitrophenol,  CJJ 2(dV02)30Id. 

Source.— Picric  acid  is  obtained  from  carbolic  acid  or 
phenol  by  the  action  of  nitric  acid  upon  it.  On  the  com- 
mercial scale  the  carbolic  acid  is  first  converted  into  phenol- 
sulphonic  acid  by  heating  it  to  212“  1'.  with  an  equal  part  o 
concentrated  sulphuric  acid.  Nitric  acid,  of  specific  gravity  . 3 
is  then  run  in,  after  which  the  product  is  filtered  and  washed 

with  cold  water. 

Characters. -Picric  acid  crystallises  in  pale  yellow  shining 
scales  which  melt  a,  ass"  F.  It  is  practically  .nsoPuble Mr .cold 
water  but  is  soluble  in  hot  water  and  ether.  W hen  &ent  y 
heated  it  sublimes  unchanged,  but  when  heated  ™re^°n^ 
it  explodes.  It  has  an  acid  reaction  and  a bitter  taste, 
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gives  the  skin  a yellow  stain,  and  is  poisonous ; a couple  of 
grains  being  sufficient  to  poison  a dog.  It  forms  yellow 
crystalline  unstable  salts  called  picrates,  which  are  explosive. 

Uses.— Picric  acid  and  the  picrates  of  potash  and  lead 
enter  into  the  composition  of  a class  of  explosives  known  as 
picrate  powders.  Picric  acid  is  used  as  a dye  for  silk,  wool, 
and  leather,  and  a minute  quantity  is  sometimes  mixed  with 
malt  liquors  to  give  them  a bitter  taste. 


The  following  is  a list  of  the  explosives  which  come  under 
this  class  : — 

Division  I. 


/Etna  Powder. 

Americanite. 

Ammonia  dynamite  (Ammoniak- 
krut). 

Ammonia  Gelatine. 

Arlberg  Dynamite. 

Asbestos  Powder. 

Atlas  Powder. 

Ballistite. 

Blasting  Gelatine. 

Brain’s  Powders. 

Burstenhender’s  Powder. 
Camphorated  Gelatine. 
Carbo-Dynamite. 

Castellanos  Powders. 

Champion  Powder. 

Clark’s  Explosive  (Glycero-Pyroxi- 
line). 

Coad’s  Explosive. 

Colonia  Powder. 

Dean’s  Explosive. 

Diaspon-Gelatin. 

Diaspon. 

Dualine. 

Dynamite  No.  1. 

Dynamite  No.  2. 

Dynamite  au  Charbon. 

Dynamite  Blanch  dc  Paulilles. 
Dynamite  de  Boghead. 

Dynamite  E.C. 


Dynamite  Grises  de  Paulilles. 
Dynamite  de  Kriimmel. 
Dynamite  Noire. 

Dynamite  Rouge. 

Dynamite  S.T. 

Dynamite  de  Vonges. 

Engel’s  Powder. 

Extra  Powder. 

Extra  Dynamite. 

Forcite. 

Fowler’s  Explosive. 

Fulgurite. 

Fulminatine. 

Gelatine  Dynamite  (Gelignite). 
Giant  Powder. 

Glukodine. 

Glyoxiline. 

Gotham’s  Explosive. 

Ilecla  Powder. 

Hercules  Powder. 

Hill’s  Powder. 

Ilinde’s  Powder. 

Horsley’s  Powder. 

Judson’s  Dynamite. 

Judson’s  Powder. 

Jupiter  Powder. 

Kraft. 

Lignin  Dynamite  (Lignose). 
Lithofracteur. 

Matagnite  (Blasting). 


146 


DANGEROUS  GOODS. 


Matagnite  Gelatine. 

Mataziette. 

Meganite. 

Metalline  Nitroleum. 

Mica  Powder. 

Miner’s  Friend  Powder. 

Miner’s  Powder  Company  Dynamite. 
Monukay’s  Explosive. 

Morse’s  Explosive. 

Neptune  Powder. 

Nitro-Glycerine. 

Nitrolite. 

Nitro-Magnite  or  Dyna-Magnite. 
Nobel  Powders. 

Norrbin. 

Oriasite. 

Paleine. 

Petralithe. 

Porifera  Nitroleum. 
rontenlia. 

Punshon’s  Explosive. 

Rendrock. 


Rhenish  Dynamite  Co.’s  Powders. 
Rhexite. 

Rutcnberg’s  Explosive. 

Safety  Dynamite. 

Safety  Nitro-Powder. 

Schultze’s  Powder. 

Seba^tine. 

Selenitic  Powder. 

Seranine. 

Straw  Dynamite. 

Thunderbolt  Powder. 

Thunder  Powder. 

Titan  Powder. 

Trouzl’s  Dynamite. 

Vigorite. 

Virite. 

I Vulcan  Powder. 

Waffen’s  Dynamite. 

Warren’s  Powder. 

Warren’s  Dynamite. 

Welter  Dynamite. 

White  Dynamite  (Diller). 


Division  II. 

Ammonia  Nitrate  Powder. 


Acapina. 

Ammonite. 

Audemars. 

Bantock’s  Powders. 
Barnwell’s  Powder. 
Bautzen  Powder. 

Bellite. 

Bjorlcmann’s  Powder. 
Carbonite. 

Clark’s  Powder. 
Cooppal’s  Powder. 
Cotton  Powder  (Tonite). 
Cordite. 

Davcy’s  Powder. 

E.C.  Powders. 

Emilite. 

Extralite. 

Favier’s  Explosive. 
Gathurst  Powder. 


Gun-Cotton. 

Grakrult. 

Hengstite. 

Johnson’s  Powders. 

Keil’s  Explosive. 

Kinetite. 

Lanfrey’s  Powder. 

Lannoy  Powder. 

Lightning  Powder. 
Nitramidine. 

Nitrated  Gun-Cotton. 

Nitro-Molasses. 

Nitro-Naphthalcnc. 

Nitro-Peat. 

Nitro-Saccharose. 

Nilro-Starch  (Xy  tontine  and 
Pyroxylam). 

Nitro-Tar. 

Nitro-Toluolc. 

Paleina. 
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Papier  Fulminant. 
Patent  Gunpowder. 
Pctragit. 

Petralite. 

Petrofracteur. 

Plera. 

Potentine. 

Prentice. 

Punshon’s  Gun-Cotton. 
Pyropapier. 

Rifle  Gun-Cotton. 
Roburite. 

Remit. 


Sawdust  Gunpowder. 
Schultze  Gunpowder. 
Schultze  Blasting  Powder. 
Sccurite. 

Smokeless  Powders. 

Titan  Powder. 

Tonite  or  Cotton  Powder. 
Vigorite. 

Volney’s  Powder. 

W'ahli  nberg’s  Powder. 
Wood  Gunpowder. 
Xyloglodine. 


The  Picric 

Borlinctto’s  Powder. 
Bronolilh. 

Designolle’s  Powders. 
Eclipse. 

Emmensite. 

Fontaine’s. 

Howitite. 


Powders  of  Division  II. 

Lithotrite. 

Melinite. 

Oxonite. 

Picrate  of  Potash. 
Picric  Powder. 

• Tschirner’s  Powder. 
Victorite. 


The  following  is  a list  showing  the  composition  of  the 
more  important  powders  of  this  class  : — 


Division  I 


Ammonia  Gelatine 

Consists  of  40  parts  of  a thin  blast- 
ing  gelatine  (q.v.),  containing  97.5 
parts  of  nitro-glycerine  to  2.5  of 
nitro-cotton,  incorporated  with  55 
parts  of  nitrate  of  ammonia  and  5 
parts  of  charcoal. 

Atlas  Powder. 

Sodium  Nitrate  - - . A2 

Wood  Fibre  - . - 21  ,4 

Magnesium  Carbonate  - 2 2 

Nitro-Glycerine  - - - 71;  co 


Ballistite 

Is  licensed  as  consisting  of  nitro- 
cotton  combined  with  thoroughly 
purified  nitro-glycerine,  with  or 
without  the  addition  of  camphor  or 
aniline  in  such  proportions  that  the 
whole  shall  be  of  such  character 
and  consistency  as  not  to  be  liable 
to  exudation  or  liquefaction. 
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Blasting  Gelatine. 

Two  varieties  are  licensed,  viz.,  No.  1,  which  is  defined  as 
“nitro-cotton (purified  nitro  cellulose), combined  with  thoroughly 
purified  nitro  glycerine  in  such  proportions  that  the  whole  shall 
be  of  such  character  and  consistency  as  not  to  be  liable  to 
liquefaction  or  exudation.”  No.  2 is  merely  No.  1,  with  the 
addition  of  a nitrate  with  or  without  charcoal.  No.  1,  which 
is  generally  used,  and  contains  from  93  to  95  per  cent,  of 
nitro-glycerine,  is  issued,  like  dynamite,  in  cartridges.  It  is 
practically  unaffected  by  water,  and  is  not  so  prone  to  freeze 
as  dynamite. 


Camphorated  Gelatine. 

This  is  a special  mixture  of  blasting 
gelatine  and  camphor. 


Coad’s  Explosive. 

1.  2.  3. 

Nitro-Glycerine  - - 75  3°  3° 

Saltpetre  - - 5 5° 

Naturally  Decayed  Wood  20  20  10 
Ordinary  Blasting  Powder 60 


Dualine. 

Nitro-Glycerine  - - 5°  Parts- 

Fine  Sawdust  - - 3°  >> 

Saltpetie  - - - 20  >> 


Castellanos  Powders. 


Nitro-Glycerine 

40  parts. 

Nitrate  of  Potash  or  Soda 

25 

> » 

Picrate  - 

IO 

Sulphur 

5 

Insoluble  Salts 

10 

j 1 

Garbon  - 

10 

Dynamite. 

(See  page  141. ) 
Extra  Dynamite. 


Nitro-Glycerine  - - 48.4  parts. 

Nitro-Cotton  - - 1-6  >> 

Nitrate  of  Ammonia  - 34.5  >> 

Nitrate  of  Soda  - - 5-°  >> 

Rye  Flour  - - - 9-°  >> 

Soda  - I-°  >' 

Ochre  - - - °-5  >> 


Forcite. 

This  explosive  is  now  defined  as  consisting  of  thoroughly 
purified  nitro-glycerine,  thickened  by  being  combined  with 
nitro  cotton,  and  mixed  or  incorporated  with  wood  meal  and 
nitrate  of  potassium  in  such  proportions  that  the  whole  shall 
be  of  such  character  and  consistency  as  not  to  be  liable  to 
liquefaction  or  exudation.  It  is  simply  a gelatine  dynamite. 
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Gelatine  Dynamite. 

This  explosive  is  an  intermediate  between  blasting  gelatine 
and  dynamite.  It  consists  of  a thin  blasting  gelatine  mixed 
with  other  substances.  Two  varieties  are  licensed.  No.  1 
contains  cotton,  charcoal,  or  “ such  other  ingredients  as  may 
for  the  time  being  be  sanctioned  by  a Secretary  of  State.” 
No.  2 consists  of  No.  1 mixed  or  incorporated  with  nitrate  of 
potash  or  other  nitrates.  The  varieties  practically  in  use  con- 
tain nitro-glycerine,  nitro-cotton,  nitrate  of  potash  and  wood 
meal.  They  resemble  blasting  gelatine  very  closely  in  appear- 
ance, and  it  requires  practice  to  distinguish  them  apart.  Both 
come  under  No.  2 class,  and  differ  in  grade  only.  One  con- 
tains about  80,  the  other  60  per  cent,  of  explosive.  The  latter 
is  known  as  Gelignite. 


Glukodine. 

This  is  a liquid  explosive  pre- 
pared by  the  nitration  of  a saturated 
solution  of  cane  sugar  in  glycerine. 


Kraft. 


Nitro-GIycerine 

- 62  parts. 

Chlorate  of  Potash  - 

- 19  „ 

Nitrate  of  Potash 

- 17  ,, 

Ground  Cork  - 

- 14  „ 

Rendrock. 

Nitrate  of  Potash 
Nitro-Glycerine 
Wood  Fibre  - 
Paraffin  or  Pitch 


40  parts. 
40  „ 

13  „ 

7 „ 


Vulcan  Powder. 

Nitro-GIycerine  - . 30  parts. 

Nitrate  of  Soda  - . c--.  r 

C 11  ” 

bulphur  - - - y 

Charcoal  - . . c 


White  Dynamite. 

Nitro-GIycerine  - - 70  parts. 

Limestone  “ Guhr”  - 19.35,, 

Wood  Pulp  - - - 10.65,, 

The  limestone  “guhr”  is  a calc 
tuff  found  in  stalactitic  caverns,  &c. 


Hercules  Powder. 

No.  1.  No.  2. 


Carbonate  of  Magne-ia 
Nitrate  of  Potash 
Chlorate  of  Potash 
White  Sugar 
Nitro-GIycerine  - 


20.85  10.00 
2.10  31.00 

I-°5  3-34 
1. 00  15.66 
75.00  40.00 


Lithofracteur. 

a. 

Nitro-GIycerine  - - 52 

Kieselguhr  and  Sand  - 30 

Powdered  Coal  - - 12 

Nitrate  of  Soda  - . 4 

Nitrate  of  Baryta  - . 

Sulphur  2 


B. 

70 

23 

2 

5 
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Vigorite. 

Nitro-Glycerine  - - 30  parts.  ! 

Nitrate  of  Soda  - - 60  ,, 

Gharcoal  - - 5 >>  I 

Sawdust  (or  partly  nitrated 

Wood  or  Paper  Pulp)  5 ,, 


Waffen’s  Dynamite. 

Sodium  Nitrate  - 22.50% 

Decayed  Wood  - 36.00 1 
Picric  Acid  - - o.  25  > 60  parts. 

Sulphur  - - 1. 00 1 

Sodium  Carbonate  0.25 / 

And  40  parts  of 

Nitro-Glycerine  - - - 94.0 

Collodion  - - - 6.0 


Division  II. 


Ammonia-Nitrate  Powder 


Ammonium  Nitrate - 
Potassium  Chlorate  - 
Nitro- Glucose  - 
Coal  Tar 


- 80  parts. 

- 5 » 

- 10  ,, 

- 5 .. 


E.C.  Powders. 

Nitro-Cellulose,  soluble  27.95  parts. 

,,  insoluble  28.35  >> 

Cellulose  (unconverted)  3.15  ,, 

Nitrates  of  Potassium 

and  Barium  - - 37-&0  >> 


Johnson’s  Powders. 

For  Military  For  Sporting 


Nitro-Cellulose  - 

_ 

. 

. 

Arms. 

50  parts. 

Arms. 

50  parts. 

Potassium  Nitrate 

- 

- 

- 

40  „ 

22  „ 

Barium  Nitrate 

- 

- 

- 

— 

25 

Torrefied  Starch  or  Lampblack 

- 

- 

- 

10  ,, 

3 >> 

Carbonite. 

This  explosive  is  now  licensed  as  follows  : — 

“ Carbonite  consisting  of  not  more  than  25  parts  by  weight 
of  thoroughly  purified  nitro -glycerine,  with  or  without  the 
addition  of  not  more  than  half  a part  of  sulphuretted  benzole, 
uniformly  mixed  with  75  parts  by  weight  of  a pulverised  pre- 
paration consisting  of  wood  meal  not  less  than  40  parts  ; nitrate 
of  potassium  and  nitrate  of  sodium  (either  of  them)  not  more 
than  34  parts  ; and  carbonate  of  sodium  not  more  than  half  a 
part,  such  preparation  to  be  sufficiently  absorbent  when  mixed 
in  the  above  proportions  to  prevent  exudation  of  nitro-glycerine. 
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Nitro-Molasses. 

This  explosive  is  prepared  by 
nitrating  380  parts  molasses  with 
1000  parts  fuming  nitric  acid,  and 
2000  parts  of  concentrated  sulphuric 
acid. 

Petrofracteur. 

Nitro- Benzene  - - 10  parts. 

Chlorate  of  Potash-  - 67  ,, 

Nitrate  of  Potash  - - 20  ,, 

Sulphide  of  Antimony  - 3 ,, 


NitroNaplithalene. 


Nitro-Naphthalene 

Saltpetre 

Charcoal 

Sulphur 


10  parts. 

- 75  » 

- 12^  „ 

- I2|  ,, 


Petralite. 

Nitrate  of  Potash  or  Soda  64  parts 
Nitrated  Wood  or  Charcoal  30 
Ammonium  Carbonate  - 6 ,, 


Petragit. 

Nitrated  Molasses  --------  38. 6 parts. 

Nitrated  Wood  Meal  --------  5 >> 

Saltpetre 56.4  ,, 


Roburite. 

This  explosive,  which  is  now  somewhat  extensively  used  in 
coal -mining  operations,  is  a mixture  of  nitrate  of  ammonium 
with  chlorinated  di-nitro-benzole,  and  is  similar  to  Bcllite  and 
Securite. 

When  gently  heated,  it  volatilises  without  explosion  or 
ignition,  and  burns  slowly  when  unconfined.  It  is  a brownish 
yellow  powder,  having  an  odour  of  nitro  benzole.  It  is  necessary 
to  use  a powerful  detonator  to  explode  a charge.  It  is  a safe 
explosive,  flameless,  and  its  products  of  decomposition  are  not 
capable  of  further  oxidation, — a property  very  desirable  when 
used  in  fiery  or  dusty  mines. 

The  definition  of  the  composition  of  Roburite,  as  licensed 
in  this  country,  is  as  follows  : — 

(a.)  Nitrate  of  ammonium,  with  or  without  an  admixture  of 
nitrate  of  sodium  and  neutral  sulphate  of  ammonium,  or  either 
of  them,  provided  that  the  amount  of  nitrate  of  sodium  so 
added  shall  in  no  case  exceed  50  per  cent,  of  the  total  amount 
of  nitrates  present ; and 

(Z\)  Thoroughly  purified  chlorinated  di-nitro-benzole,  with 
or  without  the  addition  of  thoroughly  purified  chloro-nitro- 
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naphthalene  and  chloro  - nitro  - benzole,  provided  that  such 
chlorinated  di-nitro-benzole  shall  not  contain  more  than  4 parts 
by  weight  of  chlorine  to  every  100  parts  by  weight  of  chlorinated 
di-nitro-benzole,  and  that  the  proportions  of  chloro-nitro-naph- 
thalene  and  chloro-nitro-benzole  shall  not  amount  to  more 
than  2 per  cent,  and  5 per  cent,  respectively  of  the  finished 
explosive. 

Roburite  No.  2 consists  of  Roburite  as  above  defined, 
with  the  addition  of  chloride  of  ammonium  and  sulphate  of 
magnesium,  or  either  of  them. 

Gathurst  Powder  is  a modification  of  Roburite , the  essential 
difference  being  that  nitrate  of  potash  or  soda  is  substituted  for 
nitrate  of  ammonia. 

Schultze  Gunpowder. 

Soluble  Nitro-Lignin 

Insoluble  Nitro-Lignin 

Lignin  (unconverted) 

Nitrates  of  Potassium  and  Barium  - 
Paraffin 


Other  Varieties  or  Schultze  are — 


Sporting. 

Rifle. 

Blasting. 

Nitro-Tar  (ur  similar  Nitro-Compound)  - 

12 

10 

IS 

Pyroxiline  ------ 

60  to  80 

280  to  300 

10 

Barium  Nitrate 

60  to  80 

IOO  to  120 

— 

Pota-sium  Nitrate  ----- 

8 to  10 

40  to  50 

75 

Sulphur  ------ 

— 

10 

10 

Smokeless  Powder. 

This  powder,  as  manufactured  near  Ware,  is  defined  as 
follows  : — 

“ Consisting  of  nitro-lignin  carefully  purified  and  mixed,  or 
impregnated  with  a nitrate  or  nitrates  (other  than  nitrate  of 
lead),  and  with  or  without  starch  or  collodion  or  turmeric,  or 
similar  vegetable  colouring  matter,  provided  that  such  collodion 
shall  consist  of  carefully  purified  nitro-lignin  dissolved  in  com- 
mercially pure  ether  and  alcohol,  and  with  or  without  such 
other  substances  as  may  from  time  to  time  be  approved  by  a 
Secretary  of  State.” 


- 25.0  parts. 

- 23.5  „ 

- 13-2  „ 

• 32-5  .. 

- 3-8  »» 
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There  have  been  numerous  proposals  made  for  manufactur- 
ing smokeless  powders,  which  may  be  divided  into  two  classes — 
(1)  containing  nitro-glycerine,  and  being  some  modification  of 
blasting  gelatine,  such  as  Bcillistite ; (2)  principally  composed 
of  nitro-cellulose  treated  with  solvents  and  gelatinised,  or 
othei  wise  lendered  available  for  incorporating  certain  other 
ingredients. 


Abel,  in  his  patent  (Spec.  No.  14803,  14.9.86),  proposed 
a mixture  consisting  of  nitro-cotton  and  nitrate  of  ammonia, 
waterproofed  by  petroleum  or  camphoretted  (cordite). 

Nobel,  in  his  patent  (Spec.  No.  1471,  31.1.88),  proposed 
100  parts  of  nitro-glycerine,  10  camphor,  200  benzole,  and  50 
soluble  nitro-cellulose.  The  benzole  is  evaporated,  and  the 
doughy  material  mixed  by  passing  through  rollers  heated  by 
steam  to  120  or  140°  F.  Another  mixture  is  100  of  nitro- 
glycerine, 10  to  25  of  camphor,  200  to  400  acetate  of  amyl, 
200  soluble  nitro-cellulose.  Nitro-starch  may  be  substituted 
for  a part  of  the  nitro-glycerine. 

Engel  (Spec.  No.  6022,  25.4.87)  dissolves  nitro-cellulose 
in  acetic  ether,  acetone,  &c,  and  adds  a nitrate  or  chlorate  and 
a small  quantity  of  naphthalene.  This  smokeless  explosive  is 
a heavy,  horny  body,  having  a vitreous  fracture. 

Anderson  (Spec.  No.  13308,  20.7.89)  dissolves  nitro-cotton 
in  acetic  ether  diluted  with  10  to  20  per  cent,  benzoline.  The 
proportions  are  about  32  fluid  ounces  of  the  liquid  to  1 lb  of 
dry  nitro-cotton.  The  product  is  “squirted,”  and  allowed  to 


Maxim  (Spec.  No.  .6a, 3,  8.. ,.88)  treats  gun-cotton  with 
acetone  or  acetone  alcohol  and  ether  in  an  exhausted  vessel 

hard  LfTT\bUbb'eS'  “"d  obtains  a very 

hard  material.  In  his  patent  (Spec.  No.  4477  TA  , on\  jA 

adds  oil  (preferably  castor  oil)  to  compounds  of  dissolved  gum 

' otton,  nitro  glycerine,  &c.,  to  produce  a slow  burning  explosive 

for  small  arms.  Suitable  proportions  are  a to  5 per  cem 

7™,:°  l°  16  PCT  Ce"‘-  O'bo  g'ycerine,  and  the  remainder 
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Tonite  or  Cotton  Powder. 

This  explosive  is  a nitrated  gun-cotton,  the  nitrate  generally 
used  being  barium  nitrate.  It  is  issued  in  cartridges  coated 
with  paraffin.  Tonite  No.  2 is  the  above  with  an  addition  of 
charcoal.  Tonite  No.  3 consists  of  a mixture  of  di-nitro- 
benzole,  gun-cotton,  nitrates  of  soda,  barium,  or  potash  and 
chalk.  The  three  varieties  are  authorised  explosives. 


Composition  of  Notable  Picric  Powders — 
Division  II. 


Borlinetto’s  Powder. 

Picric  Acid  - - - 10  parts. 

Nitrate  of  Soda  - - 10  ,, 

Chromate  of  Potash  - 8^  ,, 


Bruyere’s  Powder. 

Picrate  of  Ammonia  - 54  parts. 
Saltpetre  - - - 46  >> 


Bronolith. 

Two  varieties  of  Bronolith  have  been  approved  for  licensing, 
and  are  defined  as  follows  : — 

Bronolith  No.  t,  consisting  of  a mixture  of  saltpetre,  dex- 
trine, sugar,  and  charcoal,  with  or  without  the  addition  of 
picrates,  barium,  sodium,  and  potassium,  or  any  of  them,  and 
with  or  without  the  addition  of  nitro-naphthalene.  4 he  amount 
of  picrates  in  the  finished  explosive  is  not  to  exceed  5 per  cent., 

or  the  nitro-naphthalene  8 per  cent. 

Bronolith  No.  2 is  composed  of  the  same  ingredients  as 
No.  1,  but  there  is  no  limitation  as  to  the  amount  of  picrates. 
The  total  amount  of  saltpetre  and  nitro-naphthalene  is  not  to 
exceed  10  per  cent. 


Picrate  of  Potash  - 

Saltpetre 

Charcoal 


Designolle’s  Powders. 


For  Torpedoes 

For  Guns. 

For  Small 

and  Shells. 

Ordinary. 

Heavy. 

Arms. 

- 55  5° 

16.4  9-6 

9 

2S.6  22.9 

- 45  5° 

74-4  79-7 

80 

65.0  69.4 

9.2  xo.7 

II 

6.4  7-7 
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Melinite. 

Picric  acid  embedded  in  collodion. 
Also  fused  picric  acid  used  with  a 
gun-cotton  primer. 

Picric  Powder. 

(Aisel’s.  ) 

Saltpetre  3 parts. 

Picrate  of  Ammonia  - 2 ,, 

Turpin’s  Explosives. 

Same  as  Melinite. 

Emmensite. 

This  explosive  is  produced  by 
treating  picric  acid  with  fuming 
nitric  acid.  The  crystals  thus  pro- 
duced are  mixed  with  a nitrate. 


Victorite. 

Chlorate  of  Potash  - 80  parts. 

Picric  Acid  - - - no  ,, 

Nitrate  of  Potash,  Soda, 

or  Baryta  - - - 10  ,, 

Charcoal  - - 5 ,, 


Tschirner's  Powder. 

Picric  Acid  - - - 57  parts. 

Chlorate  of  Potash  - 43  ,, 

Resin  - - - 5 ,, 

This  mixture  is  moistened  with 
benzene  or  petroleum  to  dissolve  the 
resin. 


DETERMINATION  OF  STABILITY  OF 
EXPLOSIVES. 

Instructions  as  to  Tests  issued  by  the  Home 

Office. 

Heat  Test  as  applied  to  Explosives  of  the  Nitro- 
compound Class  (as  defined  by  Order  in  Council  No.  x, 
of  5th  August  1875). 

General  Instructions. 

Apparatus  required. 

1.  A water  bath,  consisting  of  a spherical  glass  or  copper 
vessel  (a),  Fig.  6,  of  about  8 inches  diameter,  and  with  an 
aperture  of  about  5 inches;  the  bath  is  filled  with  water  to 
within  \ inch  of  the  edge.  It  has  a loose  cover  of  sheet 
copper  about  6 inches  in  diameter  (b),  and  rests  on  a 
tripod  stand  about  14  inches  high  («r),  which  is  covered  with 
coarse  iron  wire  gauze  (e),  and  is  surrounded  with  a screen  of 
thin  sheet  tin  or  copper  (< i ).  Within  the  latter  is  placed  an 
argand  burner  (/)  with  glass  chimney.  The  cover  b has 
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four  holes  arranged  as  seen  in  Fig.  7,  No.  4 to  receive  the 
regulator,  No.  3 the  thermometer,  Nos.  1 and  2 the  test  tubes 
containing  the  gun-cotton  or  other  materials  to  be  tested. 
Around  holes  1 and  2 on  the  other  side  of  the  cover  are 


5 

V ^ 

Fig.  9. 


soldered  three  pieces  of  brass  wire  with  points  slightly  con- 
verging (Fig.  8) ; these  act  as  springs  and  allow  the  test-tubes 
to  be  easily  placed  in  position  and  removed. 

*2.  Scheibler’s  or  Page’s  temperature  regulator. 

(if  Scheibler’s 

*3.  Two  cells  of  Le  Clanche’s  battery  No.  ij  reguiator  js 
*4.  A few  yards  of  insulated  copper  wire  | use(j 


* This  is  not  absolutely  required,  as  the  temperature  of  the  bath  can  be 
kept  constant  by  proper  attention  to  the  heating  flame. 
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5.  Test  tubes  from  5A  to  5^  inches  long,  and  of  such 
diameter  that  they  will  hold  from  20  to  22  cubic  centimetres 
of  water  when  filled  to  a height  of  5 inches. 

6.  Indiarubber  stoppers,  fitting  the  test  tubes  and  carrying 
an  arrangement  for  holding  the  test  paper,  viz.,  a narrow  glass 
tube  passing  through  the  centre  of  the  stopper,  drawn  out  so 
as  to  form  a hook,  or  terminating  in  a platinum  wire  hook 
(Fig-  9)- 

7.  A thermometer,  with  range  not  less  than  from  30°  to 
212°  Fahrenheit. 

8.  A minute  clock. 

Materials  Required. 

a.  Test  Paper.— The  test  paper  is  prepared  as  follows: — 
45  grains  of  white  maize  starch  (corn-flour),  previously  washed 
with  cold  water,  are  added  to  8£  ounces  of  distilled  water ; the 
mixture  is  stirred,  heated  to  boiling,  and  kept  gently  boiling 
for  ten  minutes  • 15  grains  of  pure  potassium  iodide  (i.e.,  which 
has  been  re-crystallised  from  alcohol)  are  dissolved  in  8^-  ounces 
of  distilled  water.  1 he  two  solutions  are  thoroughly  mixed  and 
allowed  to  get  cold.  Strips  or  sheets  of  white  English  filter- 
paper,  previously  washed  with  water  and  re-dried,  are  dipped 
into  the  solution  thus  prepared,  and  allowed  to  remain  in  it  for 
not  less  than  ten  seconds ) they  are  then  allowed  to  drain  and 
dry  in  a place  free  from  laboratory  fumes  and  dust.  The 
upper  and  lower  margins  of  the  strips  or  sheets  are  cut  off, 
and  the  paper  is  preserved  in  well-stoppered  or  corked  bottles 
and  in  the  dark.  When  the  paper  is  freshly  prepared,  and  as 
long  as  it  remains  in  good  condition,  a drop  of  dilute  acetic 
acid,  put  on  the  paper  with  a glass  rod,  produces  no  coloration. 
In  process  of  time,  however,  the  stronger  the  light  to  which  the 
paper  is  exposed,  the  sooner  a drop  of  the  acid  produces  a 
brown  or  bluish  coloration  (a  single  hour  of  direct  sunlight 
produces  a marked  effect),  and  whenever  this  is  the  case  the 
paper  should  be  rejected.  On  this  account  it  is  advisable  not 
to  prepare  too  much  of  the  test  paper  at  one  time,  but  to 
prepare  it  fresh  every  month  or  so. 
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b.  Standard  Tint  Paper. — A solution  of  caramel  in  water 
is  made  of  such  concentration  that  when  diluted  one  hundred 
times  (io  c.c.  made  up  to  i litre)  the  tint  of  this  diluted  solu- 
tion equals  the  tint  produced  by  the  Nessler  test  in  ioo  c.c. 
water  containing  0.000075  grm.  of  ammonia  or  0.00023505 
grm.  of  chloride  of  ammonium.  With  this  caramel  solution 
lines  are  drawn  on  strips  of  white  filter  paper  (which  paper 
must  be  carefully  washed  with  distilled  water  in  the  first 
instance,  to  remove  any  traces  of  bleaching  matter,  and  dried) 
by  means  of  a clean  quill  pen.  When  the  marks  thus  pro- 
duced are  dry,  the  paper  is  cut  into  pieces  of  the  same  size 
as  the  test  paper  previously  described,  in  such  a way  that 
each  piece  has  a brown  line  across  it  near  the  middle  of  its 
length,  and  only  such  strips  are  preserved  in  which  the  brown 
line  has  a breadth  varying  from  h mm.  to  1 mm.  (Jg-  inch  to 
W-  inch). 

Testing  Dynamite,  Blasting  Gelatine,  and  other 
Explosives  of  the  First  Division  of  the  Nitro- 
compound Class. 

(A.)  Dynamite,  &c.  &c. 

Nitro-glycerine  preparations,  from  which  the  nitro-glycerine 
can  be  extracted  in  the  manner  described  below,  must  satisfy 
the  following  test,  otherwise  they  will  not  be  considered  as 
manufactured  with  “ thoroughly  purified  nitro-glycerine  ” within 
the  terms  of  the  license. 

This  test,  however,  though  at  present  looked  upon  as  the 
most  important,  as  far  as  testing  the  purity  of  the  nitro  glycerine 
is  concerned,  is  only  one  of  several  which  any  given  sample  of 
nitro-glycerine  preparation  has  to  satisfy  in  order  to  establish 
its  compliance  with  the  definition  in  the  license. 

The  test,  although  at  present  accepted  as  regulating  and 
defining  the  meaning  of  the  terms  “thoroughly  purified,”  may 
nevertheless  be  modified  or  superseded  if,  in  the  opinion  of 
the  Home  Office,  such  alteration  may  at  any  time  be  deemed 
necessary. 
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Apparatus  Required. — A funnel  2 inches  across  (d),  a cylin 
drical  measure  divided  into  grains  (e).  ( See  Fig.  10.) 

Mode  of  Operation. — About  300  to  400  grains  of  dynamite 
(/>)  finely  divided  are  placed  into  the  funnel,  which  has 
previously  been  loosely  plugged  by  some  freshly  ignited 
asbestos  (a). 

The  surface  is  smoothed  by  means  of 
a flat-headed  glass  rod  or  stopper,  and 
some  clean  washed  and  dried  kieselguhr 
(e)  is  spread  over  it  to  the  depth  of  about 
| inch. 

Water  is  next  carefully  dropped  from 
a wash  bottle  upon  this  kieselguhr,  and 
when  the  first  portion  has  been  soaked 
up,  more  is  added ; this  is  repeated  until 
sufficient  nitro-glycerine  has  been  collected 
in  the  graduated  measure  ( e ) below. 

If  any  water  should  have  passed  through 
with  the  nitro-glycerine,  it  should  be  re- 
moved with  a piece  of  blotting  paper,  and 
the  nitro-glycerine,  if  necessary,  filtered 
through  a dry  paper  filter.  Fig.  10. 

Application  of  the  Test. — The  thermometer  is  fixed  so  as  to 
be  inserted  through  the  lid  of  the  water  bath  described  before 
into  the  water  (which  is  to  be  steadily  maintained  at  a tem- 
perature of  160  F.)  to  a depth  of  2 £ inches.  Fifty  grains  of 
nitro  glycerine,  to  be  tested,  are  weighed  out  into  a test  tube  in 
such  a way  as  not  to  soil  the  sides  of  the  tube.  A test  paper 
is  fixed  on  the  hook  of  the  glass  rod  so  that  when  inserted  into 
the  tube  it  will  be  in  a vertical  position.  A sufficient  amount 
of  a mixture  of  half  distilled  water  and  half  glycerine  to  moisten 
the  upper  half  of  the  paper  is  now  applied  to  the  upper  edge 
of  the  test  paper,  by  means  of  a camel’s-hair  pencil,  the  cork 
carrying  the  rod  and  paper  is  fixed  into  the  test  tube  and  the 
position  of  the  paper  adjusted  so  that  its  lower  edge  is  about 
half-way  down  the  tube ; the  latter  is  then  inserted  through  one 
o the  perforations  of  the  cover,  to  such  a depth  that  the 
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lower  margin  of  the  moistened  part  of  the  paper  is  about  f of 
an  inch  above  the  surface  of  the  cover.  The  test  is  complete 
when  the  faint  brown  line,  which  after  a time  makes  its 
appearance  at  the  line  of  boundary  between  the  dry  and  moist 
part  of  the  paper,  equals  in  tint  the  brown  line  of  the  standard 
tint  paper. 

The  nitro-glycerine  under  examination  will  not  be  considered 
as  thoroughly  purified  within  the  terms  of  the  license  unless 
the  time  necessary  to  produce  the  standard  tint  as  above 
described  is  at  least  15  minutes. 

(B.)  Blasting  Gelatine,  Gelatine  Dynamite,  and 
Analogous  Preparations. 

Fifty  grains  of  blasting  gelatine  are  to  be  intimately  in- 
corporated with  100  grains  of  French  chalk.  This  may  be 
readily  effected  by  carefully  working  the  two  materials  together 
with  a wooden  pestle  in  a wooden  mortar.  The  mixture  is  to 
be  gradually  introduced  into  a test  tube  of  the  dimensions 
recommended  above  for  the  dynamite  heat  test,  with  the  aid 
of  gentle  tapping  upon  the  table,  between  the  introduction  of 
successive  portions  of  the  mixture  into  the  tube,  so  that  when 
the  tube  contains  all  the  mixture  it  shall  be  filled  to  the  extent 
of  if  inch  of  its  height.  The  test  paper  is  then  to  be  inserted, 
and  the  heat  is  to  be  applied  in  the  manner  prescribed  above 
for  the  dynamite  heat  test,  and  the  sample  tested  as  to  with- 
stand exposure  to  t6o°  F.  for  a period  of  ten  minutes,  before 
producing  a discoloration  of  the  test  papers  corresponding  in 
tint  to  the  standard  colour  test  which  is  employed  for  govern- 
ing the  results  of  the  dynamite  heat  test. 

Testing  G-un-Cotton,  Schultze  Gunpowder,  B.  C. 
Powder,  and  other  Explosives  of  the  Second 
Division  of  the  Nitro-Compound  Class. 

(A.)  Compressed  Gun-Cotton,  Tonite,  &c.  &c. 

Sufficient  material  to  serve  for  two  or  more  tests  is  removed 
from  the  centre  of  the  cartridge  by  gentle  scraping,  and,  if 
necessary,  further  reduced  by  rubbing  between  the  fingers. 
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The  fine  powder  thus  produced  is  spread  out  in  a thin  layer 
upon  a paper  tray  6 inches  by  4^  inches,  which  is  then  placed 
inside  a water  oven,  kept  as  nearly  as  possible  at  120°  F. 

The  wire  gauze  shelves  in  the  oven  should  be  about  3 
inches  apart.  The  sample  is  allowed  to  remain  at  rest  for 
fifteen  minutes  in  the  oven,  the  door  of  which  is  left  wide 
open. 

After  the  lapse  of  fifteen  minutes  the  tray  is  removed  and 
exposed  to  the  air  of  the  room  for  two  hours,  the  sample 
being  at  some  point  within  that  time  rubbed  upon  the  tray 
with  the  hand,  in  order  to  reduce  it  to  a fine  and  uniform  state 
of  division. 

Application  of  the  Test. — The  cover  of  the  water  bath  is 
fitted  with  the  gas  regulator  which  is  inserted  through  the 
centre  hole  (No.  4).  The  thermometer  is  fixed  into  hole 
No.  3.  The  water  in  the  bath  is  then  heated  to  150°  F.,  and 
the  regulator  set  to  maintain  that  temperature. 

Twenty  grains  of  the  sample  to  be  tested  are  weighed  out, 
placed  in  the  test  tube,  and  gently  pressed  down  until  the 
specimen  occupies  a space  of  as  nearly  as  possible  it5„  inch  in 
a test  tube  of  the  dimensions  specified. 

A test  paper  is  affixed  to  the  hook  of  the  glass  rod  or  tube, 
and  moistened  by  touching  the  upper  edge  with  a drop  of 
distilled  water  containing  50  per  cent,  of  Price’s  glycerine. 

I he  quantity  of  liquid  used  must  be  only  sufficient  to  moisten 
about  half  of  the  paper. 

The  cork  carrying  the  rod  and  test  paper  is  then  fixed  into 
the  test  tube,  and  the  latter  inserted  into  the  bath  to  a depth 
of  2\  inches,  measured  from  the  cover,  the  regulator  and  ther- 
mometer being  inserted  to  the  same  depth.  The  test  paper 
is  to  be  kept  near  the  top  of  the  test  tube,  but  clear  of  the 
cork,  until  the  tube  has  been  immersed  for  about  five 
minutes. 

A ring  of  moisture  will  about  this  time  be  deposited  upon 
die  sides  of  the  test  tube  a little  above  the  cover  of  the  bath ; 
the  glass  rod  must  then  be  lowered  until  the  lower  margin  of 
the  moistened  part  of  the  paper  is  on  a level  with  the  bottom 
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of  the  ring  of  moisture  in  the  tube.  The  paper  is  now  closely 
watched. 

The  test  is  complete  when  a very  faint  brown  coloration 
makes  its  appearance  at  the  line  of  boundary  between  the  dry 
and  moist  parts  of  the  paper. 

The  interval  of  time  between  the  first  insertion  of  the  tube 
containing  the  sample  of  gun-cotton  in  the  water  at  150°  and 
the  first  appearance  of  discoloration  on  the  paper  constitutes 
the  test,  and  this  interval  of  time  must  be  not  less  than  ten 
minutes,  or  the  sample  will  not  be  accepted  as  properly 
purified. 

(B.)  Schultze  Powder,  E.  0.  Powder,  Collodion- 
Cotton,  &c.  &c. 

Sufficient  of  the  sample,  without  further  mechanical  division, 
is  dried  in  the  oven  as  above,  and  then  exposed  for  two  hours 
to  the  air.  The  test  as  directed  above  for  compressed  gun- 
cotton, &c.,  is  then  applied,  the  minimum  duration  of  test 
being  the  same,  viz.,  ten  minutes. 

Exudation  and  Liquefaction  Test  for  Blasting  Gela 
tine,  Gelatine  Dynamite,  and  Analogous  Prepara- 
tions. 

Test  for  Liquefaction. — A cylinder  of  blasting  gelatine 
is  to  be  cut  from  the  cartridge  to  be  tested,  the  length  of  the 
cylinder  to  be  about  equal  to  its  diameter,  and  the  ends  being 
cut  flat. 

The  cylinder  is  to  be  placed  on  end  on  a flat  surface 
without  any  wrapper,  and  secured  by  a pin  passing  vertically 
through  its  centre. 

In  this  condition  the  cylinder  is  to  be  exposed  for  144  con- 
secutive hours  (six  days  and  nights)  to  a temperature  ranging 
from  85°  to  90°  Fahrenheit  (inclusive),  and  during  such  expo- 
sure the  cylinder  shall  not  diminish  in  height  by  more  than 
one-fourth  of  its  original  height,  and  the  upper  cut  surface 
shall  retain  its  flatness  and  the  sharpness  of  its  edge. 
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Note. — If  the  blasting  gelatine  and  the  gelatine  dynamite  to 
be  tested  be  not  made  up  in  a cylindrical  form,  the  above  test 
is  to  be  applied  with  the  necessary  modifications. 

Test  for  Liability  of  Exudation. — There  shall  be  no 
•separation  from  the  general  mass  of  the  blasting  gelatine  or 
gelatine  dynamite  of  a substance  of  less  consistency  than  the 
bulk  of  the  remaining  portion  of  the  material,  under  any  con- 
ditions of  storage,  transport,  or  use,  or  when  the  material  is 
subjected  three  times  in  succession  to  alternate  freezing  and 
thawing,  or  when  subjected  to  the  liquefaction  test  hereinbefore 
described. 


IV. -CHLORATE-MIXTURE  CLASS. 


The  term  “chlorate-mixture”  means  any  explosive  con- 
taining a chlorate. 

The  chlorate-mixture  class  has  two  divisions. 

Division  1 comprises  such  explosives  as 

Horsley’s  blasting  powder, 

Brain’s  blasting  powder, 

and  any  chlorate  preparation  which  consists  partly  of  nitro- 
glycerine or  of  some  other  liquid  nitro-compound. 

Division  2 comprises  such  explosives  as — 

Horsley’s  original  blasting  powder, 

Ehrhardt’s  powder, 

Reveley’s  powder, 

Hochstadter’s  blasting  charges, 

Reichen’s  blasting  charges, 

Teutonite, 

Chlorated  gun-cotton, 


and  any  chlorate-mixture  as  before  defined,  which  is  not  com- 
prised in  the  first  division. 

Owing  to  the  uncertainty  of  reliance  upon  the  chlorate  class 
of  explosives,  they  have  not  received  any  commercial  application 
'!'  this  country.  They  have,  however,  been  used  with  some 
egree  of  success  by  military  experts. 
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The  following  is  a list  of  names  of  the  explosives  proposed, 
containing  chlorate  of  potash,  &c.  : — 

Asphaline. 

Augendre’s  Powder  (also  known  as 
White  German  or  American 
Powder). 

Baron  and  Cauvet’s  Powders. 

Bellford’s  Powder. 

Bolton’s  Powder. 

Cotter’s  Powder. 

Cornet  Powder. 

Davey’s  Powder. 

Davies’  Powder. 

Diripsite. 

Dynamogen. 

Ehrhardt’s  Powders. 

Etnite. 

Explosive  Paper. 

Fenton’s  Powder. 

French  Green  Powder. 

Fuch’s  Powder. 

Goetz’  Powder. 

Gomez’  Powders. 

Graham’s  Powdei . 

Hafenegger’s  Powders. 

Hahn’s  Powder. 

Plall’s  Powder. 

Plannan’s  Powder. 

Plarrison’s  Powder. 

Hart’s  Powder. 

Himley’s  Powder. 

Hochst'atter’s  Compound. 

Plorsley’s  Powder. 

Jaime. 

Kellow’s  Powders. 

Knaffl’s  Powder. 


Macintosh’s  Powder. 

Melland’s  Paper  Powder. 

Melville’s  Powders. 

Michalowski’s  Miner’s  Powder. 
Monnier’s  Powder. 

Nisser’s  Powders. 

Noble’s  Powders. 

Paron’s  Explosive. 

Pattison’s  Explosive. 

Peley’s  Explosive  Paper. 

Pellier’s  Powder, 

Pertuisets’  Powder. 

Pohl’s  Powder. 

Pyronome. 

Rack-a-Rock. 

Raves’  Powder. 

Reichen’s  Paper. 

Reveley’s  Powder. 

Reynolds’  Powder. 

Rickers’  Powder. 

Roberts’  Powder. 

Roger’s  Explosive. 

Safety  Gunpowder. 

Schlesinger's  Powder. 

Saulaville  & Laligant’s  Explosives. 
Sharp’s  Powder. 

Siemens’  Powder. 

Silesite. 

Sleeper’s  Powder. 

Turpin’s  Powder. 

Vril’s  Explosive. 

Wigfall’s  Powder. 

Williams’  Powder. 

Zaliwsky’s  Powder. 


Kohler’s  Powder. 

The  following  list  shows  the  compositions  of  the  more 
notable  explosives  of  the  chlorate-mixture  class 

Asphaline. 

This  explosive  consists  of  wheat  or  barley  bran  impregnated 
with  chlorate  of  potash  (in  a proportion  not  exceeding  54  parts 
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of  chlorate  to  42  parts  of  bran)  mixed  with  saltpetre  and 
sulphate  of  potash  (in  a proportion  not  exceeding  4 parts  to 
42  parts  of  bran).  Paraffin  oil,  paraffin  ozokerit,  and  soap,  or 
some  of  them,  may  be  added.  The  compound  is  coloured  pink 
with  fuchsine. 


Augendre’s  Powder. 

Chlorate  of  Potash  - - 50  parts. 

Yellow  Prussiate  of  Potash  25  ,, 

Cane  Sugar  - - - 25  ,, 

Davey’s  Powders. 

No.  1.  No.  2. 

Chlorate  of  Potash  - 6 pts.  6 pts. 
Nitrate  of  Potash  - 5 ,,  3 ,, 
Yellow  Prussiate  of 

Potash  - - - 2 ,,  4 ,, 

Bichromate  of  Potash  - 2 , , - 
Sulphide  of  Antimony  5 ,,  3 ,, 


Baron  and  Cauvet’s 
Explosives. 

No.  1.  No.  2. 
Chlorate  of  Potash  - 50  pts.  50  pts. 
Prussiate  of  Potash  - 50  ,,  25  ,, 
Sugar  - - - — 25  ,, 

Davies’  Powder. 

Yellow  Prussiate  of  Potash  4 parts. 

Chloride  of  Potassium  - 8 ,, 

Loaf  Sugar  - - - 2 ,, 

Crystallised  Sugar  - - 2 ,, 

Sulphur  - - - - 1 ,, 


Dynamogen. 

Yellow  Prussiate  of  Potash  ....  17  parts. 

Water ISO  „ 

Charcoal . . 17  ,, 

These  are  boiled,  well  stirred,  and  then  allowed  to  cool, 
after  which  is  added — 


Potash 

Chlorate  of  Potash  - 

Starch 

Water 


35  parts. 
70  „ 

10  ,, 
50  „ 


The  whole  is  made  into  a thin  paste  and  brushed  on  to  a 
filtering  paper,  three  coats  being  laid  on  each  side.  The  paper 
thus  charged  is  dried,  cut  up,  and  then  rolled  into  cartridges. 


Chlorate  of  Potash 
Saltpetre 
Charcoal 
Tannic  Acid  - 


Ehrhardt’s  Powders. 

For 

For 

For 

Artillery. 

Blasting. 

Shells. 

I 

I 

I 

I 

I 

- 



4 

- 

I 

2 

I 
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French  Green  Powder. 

Chlorate  of  Potash  - - 14  parts, 

Picric  Acid  - - - 4 „ 

Yellow  Pmssiate  of  Potash  3 ,, 


Hahn’s  Powder. 

Chlorate  of  Potash  - 367.5  parts. 

TersulphideofAntimony  16S.3  ,, 

Spermaceti  - - 46.0  ,, 

Charcoal  - - - 1S.0  ,, 


Jaline. 


Nitrate  of  Potash  - 
Sulphur 
Lignite  - 
Picrate  of  Soda 
Chlorate  of  Potash 


65  to  75  parts. 
10 

10  to  50  ,, 

3 8 >. 


Knaffl’s  Powder. 


Chlorate  of  Potash  - 
Nitrate  of  Potash  - 
Sulphur 

Alinatc  of  Ammonia 


46  parts. 
26  ,, 

IS 


Monnier’s  Powder. 

Chlorate  of  Potash  - - 71  parts. 

Sugar  - - - - 16  ,, 

Charcoal  - - 6 ,, 

Coal  Tar  - - 7 ,, 


Pyronome. 

Saltpetre 

Sulphur 

Charcoal 

Metallic  Antimony 
Chlorate  of  Potash 
Rye  Flour 


69  parts. 

9 ,, 

10  ,, 

8 „ 

5 >) 

4 » 


Goetz’s  Powder. 


Chlorate  of  Potash  - 

10  parts. 

Solution  of  Glucose 

IO 

9 9 

Charcoal  in  Powder 

3 

9 9 

Sulphur 

2 

99 

Amorphous  Phosphorus  - 

1 

9 9 

Picrate  of  Lead 

3 

99 

Horsley’s  Powder. 

Chlorate  of  Fotash  - 

3 parts. 

Gall  Nuts  - 

I 

9 9 

Kellow’s  Powder. 

Nitrate  of  Soda  - 30  or  36  parts. 

Nitrate  of  Potash  - 8 

>>  4 >) 

Chlorate  of  Potash  12 

6 »> 

Sulphur  - - 10 

99  IO  99 

Tan  and  Sawdust  - 46 

99  5°  99 

Kohler’s  Powder. 

Chlorate  of  Potash  - 

- 70  parts. 

Sulphur 

■ 20  ,, 

Charcoal 

- 10  ,, 

Nisser’s  Powder. 

Yellow  Prussia te  of  Potash  1 . 5 parts. 

Bichromate 

2.0  „ 

Perchlorate,  or  Chlorate 

of  Potash 

10.5  „ 

Nitrates  of  Soda  and 

Potash  - 

44-5  .. 

Vegetable  Matter 

6. 5 M 

Mineral  and  Vegetable 

Carbon  - 

195  ». 

Sulphur 

15-5  >» 

Reveley’s  Powder. 

Chlorate  of  Potash  - 

- 40  parts. 

Yellow  Prussiate  of  Potash  29  ,, 

Loaf  Sugar  - 

23  >5 
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Rack  a-Rock. 


This  explosive  consists  of  compressed  chlorate  of  potash, 
in  the  shape  of  cartridges,  and  when  required  for  use  are 
dipped  into  such  liquids  as  “dead  oil”  (from  coal  tar),  or  a 
mixture  of  equal  parts  of  this  oil  and  bisulphide  of  carbon  with 
or  without  the  addition  of  3 per  cent,  of  sulphur. 


Roger’s  Explosive. 

Chlorate  of  Potash  - - 5 parts. 

Cascarilla  Bark  - - 2 ,, 

Corundum  - - 3 ;i 

Indiarubber  Solution  - 3 ,, 

Sharp’s  Powder. 

Saltpetre  - - - 2 parts. 

Chlorate  of  Potash  - - 2 ,, 

Yellow  Prussiate  of  Potash  1 ,, 

Potash  - - - - 1 ,, 

Sulphur  - - 2 ,, 


Schlesinger’s  Powder. 

Chlorate  of  Potash  - - 3 parts. 

Sulphide  of  Antimony  - 3 ,, 

Flowers  of  Sulphur  - 1 ,, 

Vril. 

I.  2. 

Chlorate  of  Potash  - 50.048.0 

Yellow  Prussiate  of  Potash  4.5  9.1 
Nitrate  of  Potash  - - 25.0  24.3 

Willow  Charcoal  - - 12.5  11.6 

Paraffin  - - - 6.0  6.5 

Ferric  Oxide  - - 2.0  0.5 


V.— FULMINATE  CLASS. 

The  term  “fulminate”  means  any  chemical  compound  or 
mechanical  mixture,  whether  included  in  the  foregoing  classes 
or  not,  which,  from  its  great  susceptibility  to  detonation,  is 
suitable  for  employment  in  percussion  caps  or  any  other 
appliances  for  developing  detonation,  or  which,  from  its 
extreme  sensibility  to  explosion  and  from  its  great  instability 
(that  is  to  say,  readiness  to  undergo  decomposition  from  very 
slight  exciting  causes)  is  especially  dangerous. 

This  class  consists  of  two  divisions. 

Division  1 comprises  such  compounds  as  the  fulminates  of 
silver  and  of  mercury  and  preparations  of  these  substances, 
such  as  are  used  in  percussion  caps ; any  preparation  con- 
sisting of  a mixture  of  a chlorate  with  phosphorus,  or  certain 
descriptions  of  phosphorus  compounds,  with  or  without  the 
addition  of  carbonaceous  matter ; and  any  preparation  con- 
sisting of  a mixture  of  a chlorate  with  sulphur,  or  with  a 
sulphuret,  with  or  without  carbonaceous  matter. 
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Division  2 comprises  such  substances  as  the  chloride  and 
the  iodide  of  nitrogen,  fulminating  gold  and  silver,  diazobenzol, 
and  the  nitrate  of  diazobenzol. 

The  following  are  particulars  of  some  of  the  members  of 
this  class : — 


Fulminates,  &c. 

A fulminate  is  a salt  of  an  acid  termed  fulminic  acid.  This 
acid,  however,  has  not  been  isolated.  The  metallic  salts  are 
generally  highly  explosive  with  heat  or  slight  friction.  Ful- 
minate of  silver  is  liable  to  spontaneous  explosion.  They  are 
used  in  percussion  caps,  amorces  or  toy  caps,  and  detonators. 

Aniline  Fulminante  ( Diazobenzol ). — This  compound  is  pre- 
pared by  acting  upon  nitrate  of  aniline  with  nitrous  acid,  and 
crystallises  in  long  colourless  needles.  It  decomposes  on 
exposure,  and  turns  pink,  and  is  very  unstable,  decomposing 
with  very  little  friction.  It  violently  explodes  when  heated  to 
200°  F. 

Fulminate  of  Mercury. — This  is  the  fulminate  which  is 
generally  used  for  percussion  caps  and  detonators.  It  is 
prepared  by  dissolving  mercury  in  nitric  acid,  and  then  adding 
alcohol  to  the  metallic  solution.  It  generally  has  a greyish 
colour,  and  explodes  violently  with  slight  friction  or  percussion. 
When  heated  to  360°  F.,  it  decomposes  with  violent  explosion. 
When  soaked  with  water  it  is  not  explosive. 

Fulminate  of  Silver. — This  substance  is  prepared  by  dis- 
solving silver  in  nitric  acid,  and  adding  alcohol,  when  it  is 
obtained  as  small  white  needles.  This  is  a more  sensitive 
fulminate  than  that  of  mercury.  It  is  liable  to  spontaneous 
explosion,  and  can  be  decomposed  under  water  by  friction. 
It  is  used  in  small  quantities  for  bon-bon  crackers  and  such- 
like toy  fireworks. 

Fulminating  Gold. — This  is  a very  explosive  brown  powder, 
produced  by  adding  ammonia  to  perchloride  of  gold. 

Fulminating  Platinum  is  a black  powder  formed  when 
ammonia  is  added  to  a solution  of  binoxide  of  platinum  in 
sulphuric  acid.  It  is  a most  violent  explosive. 
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Chloride  of  Nitrogen. — This  substance  is  produced  by  acting 
upon  chloride  of  ammonium  solution  with  chlorine  gas.  It  is 
an  oily  liquid  having  a specific  gravity  of  1.64.  It  is  one  of 
the  most  dangerous  explosives  known.  It  explodes  with  great 
violence  when  heated  to  210°  F.  It  also  violently  detonates 
with  the  slightest  friction,  or  when  in  contact  with  inflammable 
bodies,  such  as  phosphorus,  turpentine,  oils,  &c.  It  has  no 
commercial  applications. 

Iodide  of  Nitrogen. — This  is  a black  powder  prepared  by 
digesting  iodine  in  a cold  solution  of  ammonia.  It  is  highly 
explosive,  mere  friction  with  a feather  is  sufficient  for  its 
detonation,  and  it  often  explodes  without  any  apparent  cause. 


VI. — AMMUNITION  CLASS. 

The  term  “ ammunition  ” means  an  explosive  of  any  of  the 
foregoing  classes  when  enclosed  in  any  case  or  contrivance,  or 
otherwise  adapted  or  prepared  so  as  to  form  a cartridge  or 
charge  for  small  arms,  cannon,  or  any  other  weapon,  or  for 
blasting,  or  to  form  any  safety  or  other  fuse  for  blasting  or  for 
shells,  or  to  form  any  tube  for  firing  explosives,  or  to  form  a 
percussion  cap,  a detonator,  a fog  signal,  a shell,  a torpedo,  a 
war  rocket,  or  other  contrivance  other  than  a firework. 

The  term  “ percussion  cap  ” does  not  include  a detonator. 

I he  term  “ detonator  ” means  a capsule  or  case  is  of  such 
strength  and  construction,  and  contains  an  explosive  of  the 
fulminate  explosive  class  in  such  quantity,  that  the  explosion 
of  one  capsule  or  case  will  communicate  the  explosion  to  other 
like  capsules  or  cases. 

The  term  “safety  fuse  ” means  a fuse  for  blasting  which 
burns  and  does  not  explode,  and  which  does  not  contain  its 
own  means  of  ignition,  and  which  is  of  such  strength  and 
construction,  and  contains  an  explosive  in  such  quantity  that 
the  burning  of  such  fuse  will  not  communicate  laterally  with 
other  like  fuses. 

The  ammunition  class  has  three  divisions 
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Division  i comprises  conclusively — - 
Safety  cartridges. 

Safety  fuses  for  blasting. 

Railway  fog  signals. 

Percussion  caps. 

Division  2 comprises  any  ammunition,  as  before  defined, 
which  does  not  contain  its  own  means  of  ignition,  and  is  not 
included  in  Division  t,  such  as — 

Cartridges  for  small  arms  which  are  not  safety  cartridges. 

Cartridges  and  charges  for  cannon,  shells,  mines,  blasting, 
or  other  like  purposes. 

Shells  and  torpedoes  containing  any  explosives. 

Fuses  for  blasting,  which  are  not  safety  fuses. 

Fuses  for  shells. 

Tubes  for  firing  explosives. 

War  rockets. 

Which  do  not  contain  their  own  means  of  ignition. 

Division  3 comprises  any  ammunition,  as  before  defined, 
which  contains  its  own  means  of  ignition,  and  is  not  included 
in  Division  1,  such  as — 

Detonators. 

Cartridges  for  small  arms,  which  are  not  safety  cartridges. 

Fuses  for  blasting,  which  are  not  safety  fuses. 

F'uses  for  shells. 

Tubes  for  firing  explosives. 

Which  do  not  contain  their  own  means  of  ignition. 

P»y  “ammunition  containing  its  own  means  of  ignition  ” is 
meant  ammunition  having  an  arrangement,  whether  attached 
to  it  or  forming  part  of  it,  which  is  adapted  to  explode  or  fire 
the  same  by  friction  or  percussion. 

Division  1. 

Percussion  Caps.  O.  in  C.,  No.  1. 

Railway  Fog  Signals,  of  such  strength  and  construction, 
and  containing  an  explosive  in  such  quantity  that  the  explosion 
of  one  such  railway  fog  signal  will  not  communicate  the  explosion 
to  other  like  railway  fog  signals. 
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Safety  Cartridges,  consisting  of  cartridges  for  small 
arms,  of  which  the  case  can  be  extracted  from  the  small  arm 
after  firing,  and  which  are  so  closed  as  to  prevent  any  explosion 
in  one  cartridge  being  communicated  to  other  cartridges 
(s.  108). 

Safety  Fuse,  consisting  of  a fuse  for  blasting,  which  burns 
and  does  not  explode,  and  which  does  not  contain  its  own 
means  of  ignition,  and  which  is  of  such  strength  and  con- 
struction, and  contains  an  explosive  in  such  quantity  that  the 
burning  of  such  fuze  will  not  communicate  laterally  with  other 
like  fuses.  O.  in  C.,  No.  1. 

Safety  Firing  Tubes,  No.  1,  consisting  of  a tube  of 
metal  or  other  suitable  material,  containing  a percussion  cap 
and  suitable  mechanical  appliances  for  firing  the  same. 

Tube  Safety  Fuse,  consisting  of  a pipe  or  tube  of  pewter, 
coated  externally  with  tarred  yarns,  tapes,  or  other  suitable 
covering,  and  containing  gunpowder  in  the  proportion  of  not 
more  than  one  and  a half  (1}-)  ounces  to  every  twenty-four  (24) 
feet  of  fuse. 


Division  2. 

{Not  containing  its  own  means  of  ignition.) 

Cartridges  for  Small  Arms  (which  are  not  Safety  Cart- 
ridges). O.  in  C.,  No.  1. 

Cartridges  for  Cannon,  Shells,  Mines,  Blasting,  or 
other  like  purposes-  O.  in  C.,  No.  1 ; also  Section,  44. 

Abel’s  Electric  Fuses,  consisting  of  a case  of  wood  or 
other  suitable  material,  containing  two  insulated  wires,  the 
terminals  of  which  are  (a)  embedded  in  a charge  not  exceed- 
,ng  2 grains  of  the  priming  composition  No.  1,  hereinafter 
specified,  or  {/>)  connected  by  a bridge  of  fine  wire  composed 
of  a platinum  alloy,  steel,  or  other  suitable  material,  the  said 
bridge  being  embedded  in  a charge,  not  exceeding  10  grains 
of  the  priming  material  No.  2,  hereinafter  specified;  the  case 
being  either  ( a ) filled  with  a charge  not  exceeding  20  grains  of 
gunpowder,  and  closed  at  the  end  ; or  (l>)  empty,  and  open 
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at  the  end  ; or  (c)  fitted  with  a small  hollow  cylinder  of  copper, 
sheet  tin,  or  other  material  suitable  for  conversion  into  a 
detonator. 

Priming  composition  No.  i,  consisting  of  sulphide  of 
copper,  phosphide  of  copper,  and  chlorate  of  potash, 
intimately  mixed  together. 

Priming  composition  No.  2,  consisting  of  gunpowder  and 
thoroughly  purified  gun-cotton. 

Brain’s  Electric  Fuses,  consisting  of  a case  of  wood  or 
other  suitable  material,  containing  two  insulated  copper  wires, 
the  terminals  of  which  are  embedded  in  a priming  composition 
consisting  of  an  intimate  mixture  of  chlorate  of  potash,  native 
sulphide  of  antimony,  and  sub-phosphide  of  copper. 

Electric  Fuses  (Smith’s  Patent),  consisting  of  a plug  of 
sulphur  containing  two  copper  wires  connected  by  a bridge  of 
fine  platinum  or  other  suitable  wire  surrounded  by  a priming 
charge  of  fulminate  of  mercury  not  exceeding  one-fifth  of  a 
grain  in  any  one  fuse. 

High  Tension  Electric  Fuses,  consisting  of  a case  of 
wood  or  other  suitable  material,  containing  two  insulated  wires, 
the  terminals  of  which  are  embedded  in  a charge  not  exceeding 
two  grains  of  a priming  composition,  consisting  of  sulphide  of 
copper,  phosphide  of  copper,  and  chlorate  of  potash  intimately 
mixed  together,  the  case  being  filled  with  a charge  not  exceeding 
20  grains  of  gunpowder  or  carefully  purified  collodion  cotton, 
and  closed  at  the  end. 

High  Tension  Electric  Fuses,  consisting  of  a plug  of 
wood  or  other  suitable  material,  containing  two  insulated 
copper  wires,  the  terminals  of  which  are  embedded  in  a priming 
composition,  consisting  of  an  intimate  mixture  of  chlorate 
of  potassium,  sulphide  of  antimony,  silver  precipitate,  and 
plumbago. 

High  Tension  Electric  Fuses  (Brain’s  Patent),  con- 
sisting of  a case  of  wood  or  other  suitable  material,  containing 
two  insulated  copper  wires,  the  terminals  of  which  are  cm- 
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bedded  in  a priming  composition  consisting  of  an  intimate 
mixture  of  chlorate  of  potash,  native  sulphide  of  antimony, 
platinum,  and  silver. 

Low  Tension  Electric  Fuses,  consisting  of  a case  of 
glass  or  other  suitable  material,  containing  two  insulated  wires, 
the  terminals  of  which  are  connected  by  a bridge  of  fine  wire 
composed  of  a platinum  alloy. 

Low  Tension  Electric  Fuses,  consisting  of  a case  of 
glass  or  other  suitable  material,  containing  two  insulated  wires, 
the  terminals  of  which  are  connected  by  a bridge  of  fine  wire 
composed  of  a platinum  alloy,  the  case  being  filled  with  a 
charge  not  exceeding  twenty  (20)  grains  of  (a)  gunpowder,  or 
(1 b ) carefully  purified  collodion  cotton,  or  (c)  carefully  purified 
gun-cotton. 

Low  Tension  Electric  Fuses,  consisting  of  a case  of 
glass  or  other  suitable  material,  containing  two  insulated  wires, 
the  terminals  of  which  are  connected  by  a bridge  of  platinum 
wire,  or  other  suitable  material,  embedded  in  a charge  not 
exceeding  20  grains  of  (a)  gunpowder,  or  ( b ) carefully  purified 
collodion  cotton,  or  (c)  carefully  purified  gun-cotton,  or  (d) 
chlorate  of  potash  and  sulphide  of  antimony. 

Spon’s  Electric  Fuses,  consisting  of  a case  of  metal, 
wood,  paper,  or  other  suitable  material,  containing  two  or  more 
insulated  wires,  the  terminals  of  which  are  (a)  embedded  in  a 
charge  not  exceeding  5 grains  of  one  or  the  other  of  the 
priming  compositions  (1),  (2),  (3),  hereinafter  specified  ; or  (, b ) 
connected  by  a bridge  of  fine  wire  composed  of  a platinum 
alloy,  steel,  or  other  suitable  material,  the  said  bridge  being 
embedded  in  a charge  not  exceeding  10  grains  of  one  or  other 
of  the  priming  compositions  (4),  (5),  hereinafter  mentioned. 

Priming  composition  (1).— Chlorate  of  potash  and  sul- 
phide of  antimony,  with  or  without  powdered  carbon. 

Priming  composition  (2).— Chlorate  of  potash,  sulphide 
of  antimony,  and  phosphide  of  copper. 
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Priming  composition  (3). — Chlorate  of  potash,  sulphide  of 
copper,  and  phosphide  of  copper. 

Priming  composition  (4). — Gun-cotton  thoroughly  purified. 

Priming  composition  (5).— Gun-cotton  thoroughly  purified, 
chlorate  of  potash,  and  powdered  galls. 

Electric  Primers,  consisting  of  a case  of  metal  or  other 
suitable  material,  containing  two  or  more  insulated  wires,  the 
terminals  of  which  are  connected  by  a thin  bridge  of  platinum 
wire  or  other  suitable  material  embedded  in  a charge  not 
exceeding  15  grains  of  a priming  composition  consisting  of 
gunpowder  and  thoroughly  purified  gun-cotton. 

Abel’s  Electric  Tubes,  consisting  of  a case  of  wood  or 
other  suitable  material,  containing  two  insulated  wires,  the 
terminals  of  which  are  (a)  embedded  in  a charge  not  exceed- 
ing 2 grains  of  the  priming  composition  No.  1,  consisting  of 
sulphide  of  copper,  phosphide  of  copper,  and  chlorate  of 
potash,  intimately  mixed  together,  or  ( b ) connected  by  a bridge 
of  fine  wire  composed  of  platinum  alloy,  steel,  or  other  suitable 
material,  the  said  bridge  being  embedded  in  a charge  not 
exceeding  10  grains  of  the  priming  composition  No.  2,  viz., 
consisting  of  gunpowder  and  thoroughly  purified  gun-cotton, 
the  case  being  fitted  to  a small  cylindrical  tube  of  quill,  metal, 
or  paper,  or  other  suitable  material,  charged  with  gunpowder, 
and  having  a hollow  up  the  centre  of  the  same. 

Elswick  Electric  Tubes,  consisting  of  a case  of  metal, 
wood,  paper,  or  other  suitable  material,  containing  (a)  two  or 
more  insulated  wires,  the  terminals  of  which  are  connected  by 
a fine  wire  of  platinum  or  other  suitable  material  embedded  in 
a charge  not  exceeding  10  grains  of  gun-cotton  thoroughly 
purified,  and  ( b ) a charge  not  exceeding  j ounce  of  gun- 
powder ; the  said  case  being  completely  closed  by  means  of  a 
cork  disc  or  other  suitable  material. 

Fuses  for  Shells,  consisting  of  cases  of  wood,  metal,  or 
other  suitable  material,  charged  or  primed  with  fuse  or  other 
suitable  composition,  not  containing  their  own  means  of  ignition, 


EXPLOSIVES. 


175 


and  of  such  strength  and  construction  that  the  explosion  of  one 
fuse  will  not  communicate  the  explosion  to  other  like  fuses. 

Fuses  for  Shells,  consisting  of  cases  of  wood,  metal,  or 
other  suitable  material,  charged  or  primed  with  fuse  or  other 
suitable  composition,  and  whether  or  not  containing  their 
own  means  of  ignition,  and  of  such  strength  and  construction 
that  the  explosion  of  one  fuze  will  not  produce  an  explosion 
en  masse  of  other  like  fuses. 

Gunpowder  Fuses,  consisting  of  cases  of  metal,  wood, 
or  other  suitable  material,  containing  a charge  of  gunpowder 
not  exceeding  2 drams  in  each  fuse. 

Gun-Cotton  Fuses,  consisting  of  cases  of  metal,  wood, 
or  other  suitable  material,  containing  a charge  of  thoroughly 
purified  gun-cotton  not  exceeding  2 drams  in  each  fuse. 

Instantaneous  Fuse,  consisting  of  a preparation  of  gun- 
powder, yarn,  and  a protective  coating,  which  is  not  a safety 
fuse,  and  does  not  contain  its  own  means  of  ignition. 

Pain’s  Instantaneous  Pyrotechnic  Fuses,  consisting 
of  a closed  case  of  paper,  wood,  or  other  suitable  material, 
having  affixed  therein  by  means  of  a plug  of  sulphur  two 
insulated  copper  wires,  the  terminals  of  which  are  connected 
by  a bridge  of  fine  wire  consisting  of  platinum,  platinum  alloy, 
steel,  or  other  suitable  material,  such  bridge  being  embedded 
in  a charge  of  gunpowder  not  exceeding  20  grains. 

German  Spills,  consisting  of  cylindrical  cases  of  paper, 
containing  a charge  of  gunpowder  not  exceeding  one  pound 
(1  lb.)  per  gross,  and  primed  at  one  end  with  touch  paper,  and 
at  the  other  with  mealed  gunpowder,  or  primed  at  both  ends 
with  mealed  gunpowder. 

Miners  Squibs,  consisting  of  a tube  of  paper  or  other 
suitable  material  partly  filled  with  gunpowder  in  the  proportion 
of  not  more  than  one  pound  (1  lb.)  of  gunpowder  to  every  500 
squibs,  and  having  one  end  closed  with  a plug  of  wax  or  other 
suitable  material,  and  the  other  end  closed  by  being  twisted, 
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and  such  twisted  end  being  coated  with  sulphur,  or  not  so 
coated. 

Bickford’s  Patent  Volley  Firers,  consisting  of  a small 
cylinder  of  tin-plate,  zinc,  wood,  cardboard,  or  other  suitable 
material,  into  one  end  of  which  is  placed  a socket  or  block 
of  wood,  or  other  suitable  material,  with  a hole  through  the 
centre,  and  with  a disc,  wad,  or  cap  made  of,  containing,  or 
saturated  with  a priming  paste  of  mealed  powder  at  the  base 
of  the  same ; the  said  cylinder  and  socket  or  block  being  fitted 
with  safety  fuse  or  instantaneous  fuse,  or  not  so  fitted. 

Tubes  for  firing  Explosives,  consisting  of  cases  of  quill, 
metal,  or  paper,  charged  with  mealed  powder  or  other  suitable 
explosive,  and  not  containing  their  own  means  of  ignition. 

War  Rockets,  consisting  of  cases  of  iron  or  other  suit- 
able material,  containing  rocket  composition,  consisting  of  an 
intimate  mixture  of  saltpetre,  sulphur,  and  charcoal,  and  not 
containing  their  own  means  of  ignition. 

Division  3. 

(i Containing  its  own  means  of  ignition.) 

Cartridges  for  Small  Arms  (which  are  not  Safety 
Cartridges).  O.  in  C.,  No.  1. 

Electric  Detonators,  consisting  of  a detonator  having 
two  insulated  wires  connected  by  a fine  platinum  wire  embedded 
in  a priming  composition  consisting  of  chlorate  of  potash  and 
sulphide  of  antimony,  or  purified  gun  cotton,  and  so  placed 
and  secured  that  no  part  of  the  wires  can  come  into  contact 
with  the  fulminate  in  such  detonator. 

Abel’s  Electric  Detonator  Fuses,  consisting  of  a case 
of  wood  or  other  suitable  material,  containing  two  insulated 
wires,  the  terminals  of  which  are  (a)  embedded  in  a charge 
not  exceeding  2 grains  of  priming  composition  No.  1,  herein- 
after specified,  or  (b)  connected  by  a bridge  of  fine  wire  com- 
posed of  a platinum  alloy,  steel,  or  other  suitable  material,  the 
said  bridge  being  embedded  in  a charge  not  exceeding  10 


EXPLOSIVES. 


177 


grains  of  the  priming  material  No.  2,  hereinafter  specified,  the 
case  being  fitted  with  a detonator. 

Priming  composition  No.  1,  consisting  of  sulphide  of 
copper,  phosphide  of  copper,  and  chlorate  of  potash 
intimately  mixed  together. 

Priming  composition  No.  2,  consisting  of  gunpowder  and 
thoroughly  purified  gun-cotton. 

Bornhardt’s  Electric  Detonator  Fuses,  consisting  of 
a detonator  as  defined  by  Order  in  Council  made  under  106th 
section  of  the  Act,  such  detonator  having  inserted  therein  two 
insulated  wires,  the  terminals  of  which  are  embedded  in  a 
priming  composition  composed  of  chlorate  of  potash  and  native 
sulphide  of  antimony,  and  the  detonator  being  so  constructed, 
and  the  wires  so  adjusted  and  secured,  that  the  terminals  of  the 
said  wires  cannot  come  into  contact  with  the  fulminate  in  the 
said  detonators. 

Brain’s  Electric  Detonator  Fuses,  consisting  of  Brain’s 
Electric  Fuses  as  above  described  {see  above  in  Division  2), 
and  having  attached  thereto  a detonator  as  defined  by  Order 
in  Council  made  under  the  106th  section  of  the  Explosives 
Act,  1875. 

Electric  Detonator  Fuses  (Smith’s  Patent),  consisting  of 
electric  fuses  as  above  described  {see  above  in  Division  2),  and 
having  attached  thereto  a detonator  as  defined  by  an  Order  in 
Council  made  under  the  106th  section  of  the  said  Act.  Pro- 
vided that  no  one  such  electric  detonator  fuse  shall  contain 
more  than  thirty  (30)  grains  of  explosive  of  the  5th  (Fulminate) 
Class,  as  defined  in  the  said  Order. 

High  Tension  Electric  Detonator  Fuses,  consisting 
of  high  tension  electric  fuses  as  above  described,  and  having 
attached  thereto  a detonator  as  defined  by  an  Order  in  Council 
made  under  the  106th  section  of  the  Explosives  Act,  1875. 

High  Tension  Electric  Detonator  Fuses  (Brain’s 
1 atcnt),  consisting  of  high  tension  electric  fuses  as  above 
described,  and  having  attached  thereto  a detonator  as  defined 
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by  an  Order  in  Council  made  under  the  106th  section  of  the 
Explosives  Act,  1875. 

High  Tension  Electric  Detonator  Fuses,  consisting 
of  high  tension  electric  fuses  (see  above  in  Division  2),  and 
having  attached  thereto  a detonator. 

Low  Tension  Electric  Detonator  Fuses,  consisting  of 
low  tension  electric  fuses  as  above  described,  and  having 
attached  thereto  a detonator  as  defined  by  an  Order  in  Council 
made  under  the  106th  section  of  the  Explosives  Act,  1875- 

Low  Tension  Electric  Detonator  Fuses,  consisting  of 
low  tension  electric  fuses  as  above  described  (see  above  in 
Division  2),  and  having  the  platinum  wire  embedded  in  a 
charge  not  exceeding  two  (2)  grains  of  a priming  composition 
conststing  of  (a)  carefully  purified  gun-cotton,  or  (b)  carefully 
purified  collodion  cotton,  and  the  case  being  fitted  with  a 
detonator. 

Low  Tension  Electric  Detonator  Fuses,  consisting  of 
a low  tension  electric  fuse  as  above  described  (see  above  in 
Division  2),  and  having  attached  thereto  a detonator. 

Spons  Electric  Detonator  Fuses,  consisting  of  Spon’s 
Electric  Fuses  as  above  described  (see  above  in  Division  2), 
and  having  attached  thereto  a detonator  as  defined  by  an  Order 
in  Council  made  under  the  106th  section  of  the  Act. 

Fuses  for  Shell,  consisting  of  cases  of  wood  or  metal,  or 
other  suitable  material,  charged  or  primed  with  fuse  or  other 
suitable  composition,  containing  their  own  means  of  ignition, 
and  of  such  strength  and  construction  that  the  explosion  of  one 
fuse  will  not  communicate  the  explosion  to  other  like  fuses. 

Colliery  Safety  Lighters,  consisting  of  a tube  of  metal, 
millboard,  or  other  suitable  material,  closed  at  one  end,  and 
containing  sulphuric  acid  enclosed  in  a glass  globule  or  tube 
embedded  in  or  contiguous  to  a mixture  of  chlorate  of  potassium 
and  sugar  (whether  or  not  contained  in  an  inner  metallic  tube, 
containing  or  not  containing  gunpowder),  and  with  or  without 
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the  addition  of  a piece  of  safety-fuse.  Provided  that  the  amount 
of  the  mixture  aforesaid  contained  in  any  one  of  the  said  colliery 
safety  lighters  shall  not  exceed  five  (5)  grains.  Provided  also 
that  the  said  colliery  safety  lighters  shall  be  of  such  strength 
and  construction  that  the  ignition  of  one  such  colliery  safety 
lighter  will  not  communicate  laterally  with  others. 

Detonators,  consisting  of  a capsule  or  case  of  such  strength 
and  construction,  and  containing  an  explosive  of  the  fulminate 
class  in  such  quantity,  that  the  explosion  of  one  capsule  or  case 
will  communicate  the  explosion  to  other  like  capsules  or  cases. 
O.  in  C.,  No.  1. 

Tubes  for  Firing  Explosives  (other  than  to  Detonators), 
consisting  of  cases  of  quill,  metal,  or  paper,  charged  with  mealed 
powder  or  other  suitable  explosive,  and  containing  their  own 
means  of  ignition. 

Elswick  Mechanical  Tubes,  consisting  of  a case  of  metal, 
wood,  paper,  or  other  suitable  material,  containing  its  own  means 
of  ignition  and  a charge  not  exceeding  1 ounce  of  gunpowder. 

Safety  Firing  Tubes,  No.  2,  consisting  of  Safety  Firing 
Tubes,  No.  1 (see  above  in  Division  1),  with  the  addition  of  a 
Priming  charge  of  meal  powder  not  exceeding  40  grains.  The 
whole  to  be  of  such  construction  that  the  explosion  of  one  will 
not  communicate  to  others  in  close  contact. 

VII.- FIREWORKS. 

Division  1. 

Firework  Composition,  consisting  of  any  chemical  com- 
pound or  mechanically  mixed  preparation  of  an  explosive  or 
inflammable  nature  which  is  used  for  the  purpose  of  making 
manufactured  fireworks,  and  is  not  included  in  the  former 
classes  of  explosives,  and  also  any  coloured  fire  composition 
O.  in  C.,  No.  1. 

Division  2. 

Amorces  (whether  in  the  form  of  toy  caps  or  igniting 
tapes),  consisting  of  dots  of  one  or  other  of  the  undermentioned 
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compositions  enclosed  between  two  pieces  of  paper,  or  separated 
by  a sheet  of  paper  or  cardboard,  in  a proportion  not  exceeding 
seventy  (70)  grains  of  such  composition  to  every  one  thousand 
(i  ,000)  dots. 

Composition  (a) : A mixture  of  chlorate  of  potassium  and 
amorphous  phosphorus,  with  or  without  the  addition 
of  (1)  nitrate  of  potassium,  sulphide  of  antimony,  and 
powdered  sulphur  (free  from  acid);  or  (2)  chalk,  rye, 
flour,  and  resin  (sandarak) ; or  (3)  manganese  and  glue  ; 
or  (4)  such  other  substance  as  may  from  time  to  time 
be  approved  by  the  Secretary  of  State : provided  that 
the  amount  of  amorphous  phosphorus  present  in  the 
mixture  shall  in  no  case  exceed  the  proportion  of  ten 
(10)  grains  in  one  thousand  (1,000)  dots. 

Composition  (/>) : A mixture  of  chlorate  of  potassium  and 
ferrocyanide  of  lead. 

Crack  Shots,  consisting  of  an  amorce  composed  of  a 
patch  of  thoroughly  purified  fulminate  of  silver  enclosed  be- 
tween two  pieces  of  paper  in  a proportion  not  exceeding  fifteen 
(15)  grains  of  such  fulminate  of  silver  to  every  one  thousand 
(1,000)  amorces,  such  amorce  to  be  gummed  to  or  form  part 
of  a sheet  of  paper  not  less  than  four  (4)  inches  square,  and 
having  a strip  impregnated  with  nitre. 

Manufactured  Fireworks,  consisting  of  any  explosive  of 
the  foregoing  classes,  and  any  firework  composition,  when  such 
explosive  or  composition  is  enclosed  in  any  case  or  contrivance, 
or  is  otherwise  manufactured  so  as  to  form  a squib,  cracker, 
serpent,  rocket  (other  than  a war  rocket),  maroon,  star,  lance, 
wheel,  Chinese  fire,  Roman  candle,  or  other  article  adapted  for 
the  production  of  pyrotechnic  effects  or  pyrotechnic  signals. 

O.  in  C.,  No.  1. 

Oriental  Fireworks,  consisting  of  a mixture  of  saltpetre, 
sulphur,  and  charcoal,  enclosed  in  a paper  or  bamboo  case, 
with  or  without  the  addition  of  a mixture  of  realgar  and  chlorate 
of  potash  : provided  that  the  amount  of  such  mixture  of  realgar 
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and  chlorate  of  potash  shall  not  exceed  two  (2)  grains  in  any 
one  firework. 

Socket  Sound  Signals,  consisting  of  a case  of  tinned 
iron,  containing  one  or  more  charges  of  tonite  or  cotton  powder 
as  hereinafter  described,  such  charges  not  exceeding  together 
eight  (8)  ounces,  and  having  inside  the  base  of  the  said  case, 
or  attached  to  the  exterior  thereof  in  a case  or  bag  of  india- 
rubber,  canvas,  or  other  suitable  material,  a charge  of  gun- 
powder not  exceeding  two  and  a half  (2^)  ounces;  the  charges 
of  tonite  and  gunpowder  being  connected  by  means  of  a suitable 
time  fuse  of  wood,  copper,  or  tinned  iron,  in  communication  or 
connection  with  a detonator  as  defined  by  an  Order  in  Council 
made  under  the  106th  section  of  the  said  Act,  such  detonator 
to  contain  above  the  fulminate  a substantial  layer  of  strongly 
compressed  mealed  gunpowder,  and  being  itself  embedded  in 
tonite,  the  said  tonite  to  consist  of  gun-cotton  thoroughly  purified, 
mixed  or  impregnated  with  a nitrate  or  nitrates. 

Socket  Distress  Signals,  consisting  of  a socket  sound 
signal  as  above  described,  in  the  upper  part  thereof  a star  or 
stars  composed  of  two  or  more  of  the  following  ingredients, 
viz.,  saltpetre,  sulphur  (carefully  washed),  realgar,  antimony, 
gunpowder;  or  one  or  more  stars  of  the  following  composition, 
viz.,  Red  Stars,  consisting  of  nitrate  of  strontia,  chlorate  of 
potash,  char  coal,  and  shellac,  incorporated  with  shellac  solution, 
and  with  or  without  the  addition  of  gun-cotton  thoroughly 
purified,  not  exceeding  10  per  cent,  by  weight  of  the  finished 
stars ; Green  Stars,  consisting  of  nitrate  of  baryta,  chlorate  of 
potash,  charcoal,  and  shellac,  incorporated  with  shellac  solution, 
and  with  or  without  the  addition  of  gun-cotton  thoroughly 
purified,  not  exceeding  10  per  cent,  by  weight  of  the  finished 
stars;  White  Stars,  consisting  of  nitrate  of  potash,  sulphur 
(carefully  washed),  sulphide  of  antimony,  realgar,  gunpowder, 
and  magnesium,  incorporated  with  shellac  solution,  and  with  or 
without  the  addition  of  gun-cotton,  thoroughly  purified*  not 
exceeding  10  per  cent,  by  weight  of  the  finished  stars.  Pro- 
vided that  each  star  may  have  a strand  not  exceeding  five  (5) 
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grains  in  weight  of  thoroughly  purified  nitro-cellulose  attached 
to  and  passing  through  it. 

Sound  Signal  Rockets,  consisting  of  a signal  rocket, 
having  fitted  in  the  head  thereof  one  or  more  charges  of  tonite 
or  cotton  powder  as  hereinafter  described,  and  with  or  without 
a layer  of  compressed  gunpowder  made  of  sulphur  free  from 
acid,  saltpetre,  and  charcoal  between  the  said  charges,  and 
having  embedded  in  the  said  charges  one  or  more  detonators 
as  defined  by  an  Order  in  Council  made  under  the  106th 
section  of  the  said  Act,  such  detonators  to  contain  above  the 
fulminate  a substantial  layer  either  of  strongly  compressed 
mealed  gunpowder,  or  a composition  made  of  two  or  more 
of  the  following  ingredients,  viz.,  saltpetre,  sulphur  (carefully 
washed),  realgar,  antimony,  gunpowder ; the  said  tonite  to  con- 
sist of  gun-cotton  thoroughly  purified,  mixed  or  impregnated 
with  a nitrate  or  nitrates. 

Socket  Light  Signals,  consisting  of  a case  of  tin  or 
other  suitable  material,  containing  one  or  more  white  or 
coloured  stars  of  the  compositions  hereinafter  specified,  and 
having  attached  to  the  base  of  the  said  case  in  a case  or  bag  of 
indiarubber,  canvas,  or  other  suitable  material,  a charge  of  gun- 
powder not  exceeding  2j  ounces,  the  said  stars  and  gunpowder 
being  connected  by  means  of  a suitable  time  fuse  of  wood, 
copper,  tinned  iron,  or  other  suitable  material.  Provided  that 
the  total  weight  of  the  star  or  stars  contained  in  any  one  signal 
shall  not  exceed  8 ounces.  Red  Stars,  consisting  of  nitrate  of 
strontia,  chlorate  of  potash,  charcoal,  and  shellac,  incorporated 
with  shellac  solution,  with  or  without  the  addition  of  gun  cotton 
thoroughly  purified,  not  exceeding  10  per  cent,  by  weight  of 
the  finished  stars.  Green  Stars,  consisting  of  nitrate  of  baryta, 
chlorate  of  potash,  charcoal,  and  shellac,  incorporated  with 
shellac  solution,  with  or  without  the  addition  of  gun-cotton 
thoroughly  purified,  not  exceeding  10  per  cent,  by  weight  of 
the  finished  stars.  White  Stars,  consisting  of  nitrate  of  potash, 
sulphur  (carefully  washed),  sulphide  of  antimony,  realgar,  gun- 
powder, and  magnesium,  incorporated  with  shellac  solution, 
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with  or  without  the  addition  of  gun-cotton  thoroughly  purified, 
not  exceeding  10  per  cent,  by  weight  of  the  finished  stars. 
Provided  that  each  star  may  have  a strand  not  exceeding  five 
(5)  grains  in  weight  of  thoroughly  purified  nitro-cellulose 
attached  to  or  passing  through  it. 

Distress  Signal  Rockets,  consisting  of  sound  signal 
rockets  as  above  described  (see  Class  6,  Division  3),  with  the 
addition  in  the  head  of  the  rocket  of  one  or  more  stars  com- 
posed of  two  or  more  of  the  following  ingredients,  viz.,  saltpetre, 
sulphur  (carefully  washed),  realgar,  antimony,  gunpowder. 

Throwdowns.  1 Licensed  as  “ Toy  Fire- 

Snaps  for  Bonbon  Crackers.  / works.” 

Magic  Candle  Pin  Crackers,  consisting  of  thoroughly 
purified  fulminate  of  silver,  gummed,  or  otherwise  attached  to 
a pin,  and  protected  by  a coating  of  paper,  in  a proportion  not 
exceeding  fifteen  (15)  grains  of  such  fulminate  of  silver  to  every 
one  thousand  (1,000)  magic  candle  pin  crackers. 

N.B.- — It  is  a condition  of  the  license  that  these  crackers 
shall  be  packed  in  numbers  not  exceeding  twelve  in  stout 
paper,  and  each  such  package  placed  singly  in  a box  of  wood 
or  cardboard,  properly  secured  against  escape  of  explosive ; 
such  boxes  to  be  further  packed  as  required  for  fireworks. 


Coloured  Fires. 

1 hese  are  used  in  fireworks  and  illuminations,  and  consist 
of  oxidising  agents,  such  as  chlorate  of  potash  or  nitrates  of  the 
alkalies,  together  with  an  easily  combustible  material  such  as 
sulphur,  and  small  quantities  of  certain  chemicals  or  minerals 
to  give  the  lights  a variety  of  colours.  These  goods  are  highly 
inflammable,  and  when  confined  are  more  or  less  explosive. 

Ihe  following  list  shows  the  percentage  composition  of  the 
more  important  coloured  fires  used 
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Red  Fire. 

Nitrate  of  Strontia  - 40  per  cent. 
Sulphur  - - - 13  ,, 

Chlorate  of  Potash  - 5 > > 

Charcoal  or  Lampblack  3 ,, 

Sulphide  of  Antimony  4 ,, 

Green  Fire. 

Nitrate  of  Baryta  - 77  per  cent. 
Sulphur  - - - 13  ,, 

Chlorate  of  Potash  - 5 ,, 

Charcoal  or  Lampblack  3 ,, 

Metallic  Arsenic  - 2 ,, 

White  Indian  Fire. 

Nitrate  of  Potash  - 73  per  cent. 
Sulphur  - - - 20  ,, 

Sulphide  of  Arsenic  - 7 ,, 

Purple  Fire. 

Chlorate  of  Potash  - 43  per  cent. 
Nitrate  of  Potash  - 22^  ,, 

Sulphur  - - - 22^  ,, 

Black  Oxide  of  Copper  10  ,, 

,,  Sulphideof  Mercury  2 ,, 


Crimson  Fire. 

Nitrate  of  Strontia  - S3  Per  cent. 
Sulphur  - - - 22  ,, 

Chlorate  of  Potash  - 20  ,, 

Charcoal  or  Lampblack  5 ,, 

Blue  or  Bengal  Fire. 

Nitrate  of  Potash  - 66  per  cent. 
Sulphur  - . - 22  ,, 

Tersulphideof  Antimony  12  ,, 

Lilac  Fire. 

Chlorate  of  Potash  - 49  per  cent. 
Sulphur  - - - 25  ,, 

Chalk  - - - 20  ,, 

Black  Oxide  of  Copper  6 ,, 


Yellow  Fire. 

Nitrate  of  Soda  - - 75  per  cent. 

Sulphur  - - - 19  ,, 

Charcoal  or  Lampblack  6 ,, 


THE  EXPLOSIVES  ACT,  1875. 

(38  VlCT.  C.  17.) 

In  the  following  abstract  of  this  enactment,  either  the  sub- 
stance or  (in  many  cases)  the  full  text  is  given  of  those  portions 
of  the  Act  which  it  will  be  useful  for  manufacturers,  vendors, 
and  users  of  explosives,  or  importers  or  carriers  of  those  sub- 
stances, to  have  at  hand  for  reference. 

The  Act— which  is  intituled,  “An  Act  to  amend  the  Law 
with  respect  to  manufacturing,  keeping,  selling,  carrying,  and 
importing  Gunpowder,  Nitro-glycerine,  and  other  explosive 
substances ’’—was  passed  14th  June  1875,  and  came  into 
operation  on  1st  January  1876.  There  is  no  occasion  to 
notice  here  those  sections  of  the  Act  which  made  temporary 
provision  concerning  factories  or  stores  for  explosives  existing 
when  the  Act  was  passed  and  authorised  under  previous  Acts ; 
and  the  provisions  of  the  Act  (Part  I.)  which  relate  to  gun- 
powder will  be  set  out  here  in  those  cases  only  in  which  the 
same  provisions  are  subsequently  applied  by  the  Act  (Part  II.) 
to  high  explosives. 

In  many  of  its  provisions,  the  requirements  of  the  Act  are  not 
easily  followed,  but  on  this  point  the  remarks  of  Sir  Frederick 
Abel  will  commend  themselves  “ It  can  hardly  be  doubted 
that  the  somewhat  complicated  machinery  of  the  Act,  found 
necessary  in  the  first  instance  in  order  to  attain  an  efficient 
control  over  the  making,  carriage,  keeping,  &c.,  of  all  explosive 
substances  in  their  great  variety  of  forms  and  applications, 
from  barrels  of  powder  and  ship-loads  and  stores  of  dynamite, 
ammunition,  and  detonators,  to  drawing-room  fireworks,  sub- 
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stitutes  for  pigeon-shooting,  and  toy  crackers,  will  in  due 
course  be  much  simplified.  There  can  be  no  doubt  that  the 
action  of  manufacturers  and  vendors  themselves  will  impor- 
tantly contribute  (and  has,  indeed,  already  to  some  extent 
contributed)  to  such  simplification,  not  by  their  raising 
difficulties  and  entertaining  or  conniving  at  attempts  of  evasion, 
but  by  their  ready  adoption  of  obviously  wise  precautions  and 
improvements,  and  by  the  systematic  exercise  of  care  and 
vigilance  within  their  individual  spheres  of  influence.” 

Definition  of  Explosive. 

In  the  Act  the  term  “explosive”  is  defined  to  mean  gun- 
powder, nitro-glycerine,  dynamite,  gun-cotton,  blasting  powders, 
fulminate  of  mercury  or  of  other  metals,  coloured  fires,  and 
“ every  other  substance,  whether  similar  to  those  above 
mentioned  or  not,  used  or  manufactured  with  a view  to  pro- 
duce a practical  effect  by  explosion  or  a pyrotechnic  effect ; ” 
and  it  also  includes  fog-signals,  fireworks,  fuses,  rockets,  per- 
cussion caps,  detonators,  cartridges,  ammunition  of  all  descrip- 
tions, and  “every  adaptation  or  preparation  of  an  explosive  as 
above  defined”  (s.  3). 

Scope  of  the  Act. 

By  the  Act,  various  powers  for  the  control  of  the  manufac- 
ture of  explosives,  and  of  all  trafficking  therein,  are  vested  in 
(1)  the  Secretary  of  State  (i.e.,  in  practice,  the  Home  Secretary), 
who  is  authorised  to  appoint  Government  Inspectors  of  Ex- 
plosives; (2)  in  the  Local  Authorities  defined  by  the  Act;  and 
(3)  in  Harbour  Authorities.  For  the  effective  administra- 
tion of  the  Act,  large  powers  of  search  and  inquiry  are  given  to 
the  Government  Inspectors,  and  (in  a lesser  degree)  to  officers 
of  Local  Authorities.  Breaches  of  law  under  the  Act — whether 
of  its  express  provisions  or  of  rules  or  bye-laws  framed  under 
it — render  the  offenders  liable  to  heavy  and  summary  penalties, 
and  these  will  be  found  mentioned  in  the  following  pages  in 
every  case  specified  in  the  Act.  Where  exception  may  be 
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taken  by  the  occupier  of  premises  licensed  under  the  Act  to 
the  requisitions  made  by  a Government  Inspector,  provision  is 
made  by  the  Act  for  a reference  of  the  matter  in  dispute  to 
arbitration.  Special  provision  is  also  made  for  official  inquiry 
into  accidents  occurring  with  explosives  not  only  in  a factory, 
magazine,  or  store  licensed  under  the  Act,  but  on  any 
“carriage,  ship,  or  boat”  used  for  conveying  explosives;  and 
special  regulations  are  required  to  be  observed  at  coroners’ 
inquests  on  deaths  resulting  from  accidents  with  explosives. 


Local  Authorities. 

The  Local  Authorities  for  the  purposes  of  the  Act  are — 

In  England  (s.  67), 

(1.)  In  the  City  of  London,  the  court  of  the  Lord  Mayor 
and  Aldermen ; 

(2.)  In  the  Metropolis  outside  the  City  of  London,  the 
Metropolitan  Board  of  Works;*  and 

(3.)  In  any  borough  not  assessed  to  the  county  rate  by 
the  county  justices,  the  Mayor,  Aldermen,  and 
Burgesses  acting  by  the  Council ; but 

(4.)  In  any  harbour  within  the  jurisdiction  of  a harbour 
authority,  whether  situate  or  not  within  the  juris- 
diction of  any  local  authority  before  mentioned, 
the  Harbour  Authority,  to  the  exclusion  of  any 
other  local  authority  ; and 

(5.)  In  any  place  in  which  there  is  no  local  authority  as 
above  the  Justices  in  petty  sessions  assembled.* 

By  s.  68  the  Secretary  of  State  is  empowered  to  declare 
the  Council  of  a borough  assessed  to  the  county  rate,  and 

By  the  Local  Government  Act,  188S,  the  powers,  duties,  and  liabilities 
of  the  Metropolitan  Board  of  Works  were  transferred  to  the  London 
County  Council  (51  & 52  Viet.  c.  41,  ss.  40-45);  and  by  the  same  Act 
(s.  7)  the  business  of  county  justices  as  Local  Authorities  under  the 
Explosives  Act  was  transferred  to  County  Councils. 
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the  Improvement  Commissioners  of  a district,  to  be  Local 
Authorities  (but  not  for  a harbour)  under  the  Act. 

In  Scotland  (s.  1 1 o), 

(t.)  In  any  borough  the  Magistrates  and  Town  Council; 

(2.)  In  any  harbour  within  the  jurisdiction  of  a harbour 
authority,  whether  situate  or  not  within  the  juris- 
diction of  any  local  authority  for  a borough,  the 
Harbour  Authority,  to  the  exclusion  of  any  other 
local  authority ; 

(3.)  In  any  place  other  than  a borough  or  harbour  the 
County  Justices. 

But  by  s.  1 15,  the  Secretary  of  State  is  empowered  to 
declare  the  Police  Commissioners  of  a burgh  to  be  the  Local 
Authority  in  certain  cases. 

In  Ireland  (s.  1 16), 

(1.)  In  the  City  of  Dublin,  the  Lord  Mayor,  Aldermen, 
and  Burgesses  acting  by  the  Town  Council;  and 

(2.)  In  an  urban  sanitary  district,  the  Urban  Sanitary 
Authority ; but 

(3.)  In  any  harbour  within  the  jurisdiction  of  a harbour 
authority,  whether  situate  or  not  within  the  juris 
diction  of  any  local  authority  above  mentioned, 
the  Harbour  Authority,  to  the  exclusion  of  any 
other  local  authority ; 

(4.)  In  any  place  in  which  there  is  no  local  authority  as 
above  defined,  the  Justices  in  petty  sessions. 

The  expression  Harbour  Authority  in  the  Act  includes 
(s.  107)  any  person  or  body  of  persons  claiming  to  be  pro- 
prietor or  proprietors  of  or  intrusted  with  the  duty  or  power  of 
maintaining  or  regulating  any  harbour,  and  any  port,  haven, 
and  estuary,  or  intrusted  with  the  duty  of  conserving  the 
navigation  of  any  tidal  water ; and  any  such  harbour,  port, 
haven,  estuary,  tidal  water,  and  any  wharf,  dock,  pier,  jetty, 
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and  work,  and  other  area,  whether  land  or  water,  over  which 
the  Harbour  Authority  have  control  or  exercise  powers,  are 
included  in  the  Act  in  the  expression  “harbour.” 


PART  I.— GUNPOWDER. 

Part  I.  of  the  Act  comprises  the  sections  relating  to  gun- 
powder, and  contains  the  following  provisions,  these  being  made 
applicable  (with  certain  modifications  and  additions)  to  other 
explosives  also  in  subsequent  sections  (Part  II.)  of  the  Act 

Manufacture  and  Keeping  of  Guripowder. 

The  manufacture  of  gunpowder  shall  not,  nor  shall  any 
process  of  such  manufacture,  be  carried  on  except  at  a factory 
for  gunpowder  either  lawfully  existing  or  licensed  under  the 
Act ; and  any  person  who  carries  on  any  such  process  of  manu- 
facture, except  as  allowed  by  the  Act,  shall  be  deemed  to 
manufacture  gunpowder  at  an  unauthorised  place. 

Where  gunpowder  is  manufactured  at  an  unauthorised  place, 
(1)  all  or  any  part  of  the  gunpowder  or  ingredients  of  gunpowder 
found  in  or  about  such  place  may  be  forfeited,  and  the  person 
so  manufacturing  shall  be  liable  to  a penalty  of  f\oo  for  every 
day  during  which  he  so  manufactures  (s.  4). 

Gunpowder,  unless  kept  for  private  use  and  not  for  sale  to 
an  amount  not  exceeding  thirty  pounds,  or  in  the  keeping  of  a 
carrier  for  the  purpose  of  conveyance  in  accordance  with  the 
provisions  of  the  Act,  shall  not  be  kept  at  any  place  except  in 
the  factory  in  which  it  is  manufactured  ; or  (2)  in  a magazine 
or  store  either  lawfully  existing  or  licensed  under  the  Act,  or 
(3)  in  premises  registered  under  the  Act.  Where  gunpowder 
is  kept  in  an  unauthorised  place,  all  or  any  part  of  the  gun- 
powder found  in  such  place  may  be  forfeited ; and  the 
occupier  of  such  place,  and  also  the  owner  of,  or  other 
person  guilty  of  keeping  the  gunpowder,  shall  each  be  liable 
to  a penalty  of  2s.  for  every  pound  of  gunpowder  so  kept 
(s-  5)- 
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Licensing  of  Factories  and  Magazines. 

A new  factory  or  magazine  for  gunpowder  shall  not  be 
established  except  on  the  site  and  in  the  manner  specified  in 
a license  to  be  granted  by  the  Secretary  of  State,  with  the 
assent  of  the  Local  Authority.  Detailed  directions  are  given 
in  the  Act  for  obtaining  such  license  and  the  requisite  assent 
of  the  Local  Authority  (ss.  6,  7,  8). 

Regulation  of  Factories  and  Magazines. 

In  every  gunpowder  factory  and  magazine — 

(r.)  The  factory  or  magazine,  or  any  part  thereof,  shall 
not  be  used  for  any  purpose  not  in  accordance 
with  the  license  ; and 

(2.)  The  terms  of  the  license  shall  be  duly  observed,  and 
the  manufacture  or  keeping  or  any  process  in  or 
work  connected  with  the  manufacture  or  keeping 
of  gunpowder  shall  not  be  carried  on  except  in 
accordance  with  those  terms  ; and 
(3.)  The  factory  or  magazine  and  every  part  thereof  shall 
be  maintained  in  accordance  with  the  license  ; and 
any  material  alteration  in  the  factory  or  magazine 
by  enlarging  or  adding  to  the  site,  or  by  externally 
enlarging  or  adding  to  any  building,  or  by  altering 
any  mound  otherwise  than  by  enlargement,  or  by 
making  any  new  work,  shall  not  be  made  except 
in  pursuance  of  an  amending  license  granted 
under  the  Act. 

In  the  event  of  any  breach  (by  any  act  or  default)  of  this 
section,  the  gunpowder  or  ingredients  thereof  in  respect  to 
which,  or  being  in  any  building  or  machine  in  respect  to 
which,  the  offence  was  committed,  may  be  forfeited ; and  the 
occupier  shall  be  liable  to  a penalty  not  exceeding  in  the  case 
of  the  first  offence  ,£50,  and  in  the  case  of  a second  or  any 
subsequent  offence  ^100,  and  in  addition  ,£50  for  every  day 
during  which  such  breach  continues  (s.  9). 

The  occupier  of  a factory  shall  not  be  deemed  guilty  of  a 


THE  EXPLOSIVES  ACT,  1 875. 


191 


breach  of  this  section  for  using  in  a case  of  emergency,  or 
temporarily,  one  building  or  part  of  a building  in  which  any 
process  of  the  manufacture  is,  under  the  terms  of  the  license, 
carried  on,  for  another  process  of  the  manufacture,  if  he  do 
not  carry  on  in  such  building  or  part  more  than  one  process  at 
the  same  time,  and  if  the  quantity  of  gunpowder  or  ingredients 
thereof  in  such  building  or  part  do  not  exceed  the  quantity 
allowed  to  be  therein,  or  any  less  quantity  allowed  to  be  in 
the  building  or  part  of  a building  in  which  such  other  process 
is  usually  carried  on  ; and  if  upon  such  use  being  continued 
after  the  lapse  of  twenty-eight  days  from  the  first  beginning  of 
such  use  he  send  notice  to  a Government  Inspector,  and  the 
Inspector  do  not  require  its  discontinuance  (s.  9). 

In  the  event  of  any  breach  (by  any  act  or  default)  in 
any  factory  or  magazine  of  the  general  rules  for  gunpowder 
factories  prescribed  by  the  Act,*  all  or  any  part  of  the  gun- 
powder or  ingredients  thereof  in  respect  to  which,  or  being  in 
any  building  or  machine  in  respect  to  which,  the  offence  was 
committed,  may  be  forfeited  ; and  the  occupier  shall  be  liable 
to  a penalty  not  exceeding  £10,  and  in  addition  (on  a second 
offence)  ^10  for  every  day  during  which  such  breach  continues 
(s.  10). 

Every  occupier  of  a gunpowder  factory  or  magazine  shall, 
with  the  sanction  of  the  Secretary  of  State,  make  special  rules 
for  the  regulation  of  the  persons  employed  therein,  and  there 
may  be  annexed  to  any  breach  of  such  special  rules  penalties 
not  exceeding  40s.  for  each  offence  (s.  11). 


Supplemental  as  to  Factories  and  Magazines. 


Where  the  occupier  of  a gunpowder  factory  or  magazine 
desires  that  any  alteration  should  be  made  in  the  terms  of  his 
license,  or  any  material  alteration  made  in  the  factory  or 
magazine  by  enlarging  or  adding  to  the  site  or  by  externally 
enlarging  or  adding  to  any  building,  or  by  altering  any  mound 


The  ‘general  rules”  of  sect.  10  are  omitted  here,  as  not 
factories  for  high  explosives  (s eeftost,  p.  198). 


concerning 
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otherwise  than  by  enlargement,  or  by  making  any  new  work,  he 
may  apply  for  an  amending  license.  If  he  satisfy  the  Secretary 
of  State  that  the  alteration  may  be  properly  permitted  without 
increased  risk,  the  Secretary  of  State  may  grant  the  amending 
license  of  his  own  authority,  but  otherwise  the  application  will 
be  dealt  with  as  an  application  for  a new  license  (s.  12). 

A gunpowder  factory  or  magazine  license  shall  not  be 
avoided  by  any  change  in  the  occupier  of  the  factory  or 
magazine ; but  notice  of  the  name,  address,  and  calling  of  the 
new  occupier  shall  be  sent  to  the  Secretary  of  State  within 
three  months  after  the  change,  and  in  default  such  new 
occupier  shall  be  liable  to  a penalty  not  exceeding  20s.  for 
every  week  during  which  such  default  continues  (s.  13). 


Stores  for  Gunpowder. 

Any  person  may  apply  to  the  Local  Authority  for  a license 
for  a gunpowder  store,  and  if  the  proposed  site,  construction 
of  the  store,  and  amount  of  gunpowder  to  be  stored  therein 
are  in  accordance  with  the  Order  in  Council  (see  s.  16),  the 
license  is  to  be  granted  on  payment  of  a fee  not  exceeding  5s. 

( s • i5)-  . 3 . _ 

Her  Majesty  may  from  time  to  time,  by  Order  in  Council, 

regulate  the  construction  and  materials  and  fittings  of  gun- 
powder stores,  prescribe  the  buildings  and  works  from  which 
gunpowder  stores  are  to  be  separated,  and  the  distances  by 
which  they  are  to  be  separated ; and  prescribe  the  maximum 
amount  of  gunpowder,  not  exceeding  2 tons,  to  be  kept  in 
stores,  graduated  according  to  their  construction  and  situation 
and  their  distance  from  the  said  buildings  and  works  (s.  16). 

In  the  event  of  any  breach  (by  any  act  or  default)  of  the 
general  rules  prescribed  by  the  Act  for  gunpowder  stores,  all 
or  any  part  of  the  gunpowder  in  respect  to  which  or  being  in 
the  store  when  the  offence  was  committed  may  be  forfeited, 
and  the  occupier  shall  be  liable  to  a penalty  not  exceeding 
^10,  and  in  addition  (on  a second  offence)  £10  for  every  day 
during  which  such  breach  continues  (s.  17). 
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A store  license  shall  be  valid  only  for  the  person  named  in 
it,  and  shall  be  annually  renewed  by  the  Local  Authority,  at  a 
fee  not  exceeding  is.,  and  unless  so  renewed  shall  expire  (s.  18). 

Every  occupier  of  a gunpowder  store  may,  with  the  sanction 
of  the  Secretary  of  State,  make  special  rules  for  the  regulation 
of  the  persons  employed  therein,  and  there  may  be  annexed  to 
any  breach  of  such  special  rules  penalties  not  exceeding  40s. 
for  each  offence  (s.  19). 

Registered  Premises. 

A person  desirous  of  registering  with  the  Local  Authority 
any  premises  for  the  keeping  of  gunpowder  shall  register  his 
name  and  calling,  as  well  as  the  premises,  in  such  manner  and 
on  payment  of  such  fee,  not  exceeding  is.,  as  may  be  directed 
by  the  Local  Authority,  such  registration  to  be  annually 
renewed  at  a fee  not  exceeding  is. 

In  the  event  of  any  breach  (by  any  act  or  default)  of  the 
general  rules  prescribed  by  the  Act  for  registered  premises,  all 
or  any  part  of  the  gunpowder  in  respect  to  which,  or  being  in 
any  house,  building,  place,  safe,  or  receptacle  in  respect  to 
which,  the  offence  was  committed,  may  be  forfeited,  and  the 
occupier  shall  be  liable  to  a penalty  not  exceeding  2s.  for 
every  pound  of  gunpowder  in  respect  of  which  or  being  on  the 
premises  in  which  the  offence  was  committed  (s.  22). 

Supp/eme?ital  Provisions. 

The  occupier  of  every  factory,  magazine,  store,  and  registered 
premises  for  gunpowder,  and  every  person  employed  in  or 
about  the  same,  shall  take  all  due  precaution  for  the  preven- 
tion of  accidents  by  fire  or  explosion,  and  for  preventing 
unauthorised  persons  having  access  thereto  or  to  the  gun- 
powder therein,  and  shall  abstain  from  any  act  whatever  which 
tends  to  cause  fire  or  explosion  and  is  not  reasonably  necessary 
for  the  work  therein ; and  any  breach  (by  any  act  or  default) 

of  this  section  shall  be  deemed  to  be  a breach  of  general  rules 
(s-  23). 
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The  Local  Authority  shall  cause  registers  to  be  kept  of  all 
store  licenses  granted  by  and  of  all  premises  registered  with 
them  under  the  Act;  and  a ratepayer  within  the  area  of 
the  Local  Authority,  or  a licensee  or  person  registered  under 
the  Act,  upon  payment  of  a fee  of  is.,  and  a Government 
inspector,  or  an  officer  appointed  by  any  Local  Authority  for  the 
purposes  of  the  Act,  or  an  officer  of  police,  without  payment, 
shall  be  entitled  at  all  reasonable  times  to  inspect  and  take 

extracts  from  any  such  registers  (s.  28). 

If  the  occupier  of  a store  or  registered  premises  dies  or 
becomes  bankrupt,  or  has  his  affairs  liquidated  by  arrangement, 
or  becomes  mentally  incapable  or  otherwise  disabled,  the 
person  carrying  on  the  business  of  such  occupier  shall  not  be 
liable  to  any  penalty  for  acting  under  the  license  or  registration 
during  such  reasonable  time  as  may  be  necessary  to  allow  him 
to  obtain  a fresh  license  or  registration  (s.  29). 


Sale  of  Gunpowder. 

Gunpowder  shall  not  be  hawked,  sold,  or  exposed  for  sale 
upon  any  highway,  street,  public  thoroughfare,  or  public  place  ; 
and  (1)  any  person  hawking,  selling,  or  exposing  gunpowder  or 
sale  shall  be  liable  to  a penalty  not  exceeding  40s-,  and  (2)  a11  or 
any  part  of  the  gunpowder  so  hawked  or  exposed  for  sale,  or 
found  in  the  possession  of  any  person  convicted  hereunder,  may 

be  forfeited  (s.  30). 

Gunpowder  shall  not  be  sold  to  any  child  apparently  under 
the  age  of  thirteen  years ; and  any  person  selling  gunpowder 
in  contravention  of  this  section  shall  be  liable  to  a penalty  not 

eXC<All  gunpowder  exceeding  one  pound  in  weight,  when 
publicly  exposed  for  sale  or  sold,  shall  be  in  a substantia 
case,  bag,  canister,  or  other  receptacle  made  and  closed  so  as 
to  prevent  the  gunpowder  from  escaping,  and  to  such  outer- 
most  receptacle^  shill  be  affixed  the  word  “ gunpowder  > m 
conspicuous  characters  by  means  of  a brand  or  labd  °r  ^her 
mark ; and  if  any  gunpowder  is  sold  or  exposed  for  sale 
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contravention  of  this  section,  the  person  offending  shall  be 
liable  to  a penalty  of  40s.,  and  all  or  any  part  of  the  gunpowder 
so  exposed  for  sale  may  be  forfeited  (s.  32). 

Conveyance  of  Gimpowder. 

The  following  general  rules , shall  be  observed  with  respect 
to  the  packing  of  gunpowder  for  conveyance  : — 

(1.)  The  gunpowder,  if  not  exceeding  five  pounds  in 
amount,  shall  be  contained  in  a substantial  case,  bag, 
canister,  or  other  receptacle,  made  and  closed  so  as 
to  prevent  the  gunpowder  from  escaping ; and 

(2-)  The  gunpowder,  if  exceeding  five  pounds  in  amount, 
shall  be  contained  either  in  a single  package  or  a 
double  package.  A single  package  shall  be  a box, 
barrel,  or  case  of  such  strength,  construction,  and 
character  as  may  be  for  the  time  being  approved  by 
the  Government  inspector  as  being  of  such  strength, 
construction,  and  character  that  it  will  not  be  broken 
01  accidentally  opened,  or  become  defective  or  in- 
secure whilst  being  conveyed,  and  will  not  allow  the 
gunpowder  to  escape.  If  the  gunpowder  is  packed 
in  a double  package,  the  inner  package  shall  be  a 
substantial  case,  bag,  canister,  or  other  receptacle 
made  and  closed  so  as  to  prevent  the  gunpowder 
from  escaping,  and  the  outer  package  shall  be  a box, 
barrel,  or  case  of  wood  or  metal  or  other  solid 
material,  and  shall  be  of  such  strength,  construction, 
and  character  that  it  will  not  be  broken  or  accident- 
ally opened,  or  become  defective  or  insecure  whilst 
being  conveyed,  and  will  not  allow  the  gunpowder  to 
escape;  and 

(3-)  The  interior  of  every  package,  whether  single  or 

double,  shall  be  kept  free  from  grit  and  otherwise 
clean  ; and 

(4-)  Every  package,  whether  single  or  double,  when 
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actually  used  for  the’package  of  gunpowder,  shall  not 
be  used  for  any  other  purpose ; and 

(5.)  There  shall  not  be  any  iron  or  steel  in  the  construc- 
tion of  any  such  single  package  or  inner  or  outer 
package,  unless  the  same  is  effectually  covered  with 
tin,  zinc,  or  other  material ; and 

(6.)  The  amount  of  gunpowder  in  any  single  package,  or 
if  there  is  a double  package,  in  any  one  outer  package, 
shall  not  exceed  one  hundred  pounds,  except  with 
the  consent  of  and  under  conditions  approved  bj  a 
Government  Inspector  ; and 

(7.)  On  the  outermost  package  there  shall  be  affixed  the 
word  “gunpowder”  in  conspicuous  characters  by 
means  of  a brand  or  securely  attached  label  or  other 
mark. 

In  the  event  of  any  breach  (by  any  act  or  default)  of  any  of 
the  above-mentioned  general  rules,  the  gunpowder  in  respect 
of  which  the  breach  is  committed  may  be  forfeited,  and  the 
person  guilty  of  such  breach  shall  be  liable  to  a penalty  not 

exceeding  £20. 

The  general  rules  contained  in  this  section  may  from  time 
to  time  be  altered  by  the  Secretary  of  State  (s.  33). 


Bye-Laws. 

Every  Harbour  Authority  shall,  with  the  sanction  of  the 
Board  of  Trade,  make  bye-laws  for  regulating  the  conveyance, 
loading,  and  unloading  of  gunpowder  within  its  jurisdiction 
For  breaches  of  such  bye-laws,  penalties  are  authorised  by 
the  Act,  not  exceeding  £20  for  each  offence,  and  ^10  for  cac  1 
day  during  which  the  offence  continues,  besides  forfeiture  of 

all  or  any  part  of  the  gunpowder  in  respect  of  which,  or  found 

in  the  ship,  boat,  or  carriage  in  respect  of  which,  the  breach 

bve-law  has  taken  place  (s.  34). 

Y Any  person  resisting  a harbourmaster  or  officer  acting 

under  such  bye-laws  shall  be  liable  to  the  same  penalties  as  a 
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person  for  obstructing  the  harbourmaster  in  the  execution  of 
his  duty  (s.  34). 

On  any  part  of  the  coast  of  the  United  Kingdom,  or  in  any 
tidal  water  for  which  there  is  no  harbour  authority,  the  Board 
of  Trade  are  empowered  by  the  Act  to  make  bye-laws  for  that 
part  or  water  as  if  it  were  a harbour  and  they  were  the  harbour 
authority ; and  they  may  by  such  bye-laws  define  the  area 
within  which  they  are  to  be  observed,  and  the  officers  by 
whom  they  are  to  be  enforced  (ibid.). 

Every  railway  or  canal  company  over  whose  railway  or  canal 
any  gunpowder  is  to  be  carried,  shall,  with  the  sanction  of  the 
Board  of  Trade,  make  bye-laws  for  regulating  the  conveyance, 
loading,  and  unloading  of  such  gunpowder  (s.  35). 

Penalties  for  any  breach  of  any  such  bye-laws  may  be 
imposed,  and  may  be  graduated  according  to  the  gravity  of 
the  offence,  and  according  as  it  may  be  a first,  second,  or 
other  subsequent  offence,  that  is  to  say,  pecuniary  penalties 
not  exceeding  ^20  for  each  offence,  and  £10  for  each  day 
during  which  the  offence  continues,  besides  forfeiture  of  all  or 
any  part  of  the  gunpowder  in  respect  of  which,  or  being  in  the 
carriage,  ship,  or  boat  or  train  of  carriages,  ships,  or  boats  in 
respect  of  which,  the  breach  of  bye-law  has  taken  place  (ibid.). 

d he  occupier  of  every  wharf  or  dock  on  or  in  which  gun- 
powder is  loaded  or  unloaded  (if  such  loading  or  unloading  is 
not  otherwise  subject  to  any  bye-laws  under  this  Act)  may,  and 
if  so  required  by  the  Secretary  of  State  shall,  from  time  to  time, 
with  the  sanction  of  the  Secretary  of  State,  make  bye-laws  for 
regulating  the  loading  and  unloading  of  gunpowder  on  or  in 
such  wharf  or  dock,  and  in  particular  for  declaring  or  regulating 
all  or  any  of  the  matters  which  can  be  declared  or  regulated  in 
the  case  of  any  wharf  or  dock  within  the  jurisdiction  of  a 
harbour  authority  by  bye-laws  made  by  such  authority  in 
pursuance  of  this  Act ; and  penalties  may  be  annexed  to 
breaches  of  such  bye-laws,  as  in  the  case  of  bye-laws  made 
under  section  35  (s.  36). 

1 he  Secretary  of  State  is  empowered  to  make  bye-laws  for 
regulating  the  conveyance,  loading,  and  unloading  of  gun- 
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powder  by  land  or  otherwise,  in  any  case  in  which  bye-laws 
made  under  any  other  provision  of  the  Act  do  not  apply ; and 
penalties  may  be  annexed  to  any  breach  of  any  such  bye-laws 
as  in  the  case  of  bye-laws  made  under  section  35  (s.  37). 

Any  recommendation  to  Her  Majesty  in  Council,  any 
general  rules  with  respect  to  packing,  and  any  bye-laws  which 
is  or  are  proposed  to  be  made  under  the  Act  by  a Secretary  of 
State  or  the  Board  of  Trade  shall,  before  being  so  made,  be 
published  in  such  manner  as  the  Secretary  of  State  or  the 
Board  of  Trade  may  direct ; and  the  bye-laws  framed  by  any 
Railway  Company,  Canal  Company,  or  Harbour  Authority 
under  the  Act  shall,  before  being  sanclioned  by  the  Board  of 
Trade,  be  likewise  published  in  such  manner  as  the  Board  may 
direct  (s.  38). 




PART  II. — EXPLOSIVES  OTHER  THAN  GUN- 
POWDER. 

Part  II.  of  the  Act  relates  to  explosives  other  than  gun- 
powder, and  by  s.  39  it  is  declared  that,  subject  to  the  pro- 
visions hereafter  in  this  part  of  the  Act  contained,  Part  I. 
of  the  Act  relating  to  gunpowder  shall  apply  to  every  other 
description  of  explosive,  in  like  manner  as  if  those  provisions 
were  re-enacted  with  the  substitution  of  that  description  of 
explosive  for  gunpowder. 

Modification  op  Part  /.  as  applied  to  Explosives  other  than 

Gunpowder. 

In  the  case  of  explosives  other  than  gunpowder,  the  follow- 
ing modifications  and  additions  are  to  be  made  in  and  to 
Part  I.  of  the  Act : — 

(1.)  The  draft  license  for  a factory  or  magazine  submitted 
by  an  applicant  to  the  Secretay  of  State  shall  specify 
such  particulars  as  the  Secretary  ot  State  may 
require ; 
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(2.)  The  prescribed  general  rules  [/.<?.,  rules  prescribed 
by  an  Order  in  Council]  shall  be  substituted  for 
the  general  rules  in  Part  I.  of  the  Act  relating  to 
factories,  magazines,  stores,  and  registered  premises 
respectively ; but  no  such  general  rule  shall  require 
the  removal  of  any  building  or  work  in  use  at  the 
date  of  the  Order  in  Council  by  which  such  rule  is 
made ; 

(3.)  The  Secretary  of  State  may  from  time  to  time  alter 
the  general  rules  relating  to  packing  contained  in 
Part  I.  of  the  Act  for  the  purpose  of  adapting  the 
same  to  the  packing  of  any  explosive  other  than 
gunpowder;  and 

(4.)  For  the  maximum  amount  limited  by  the  Act  to  be 
kept  for  private  use  and  not  for  sale,  or  in  a store, 
and  for  the  minimum  amount  limited  by  the  Act  to 
be  exposed  for  sale  or  sold  otherwise  than  in  a 
substantial  case,  box,  canister,  or  other  receptacle  as 
therein  mentioned,  there  shall  be  substituted  in  the 
case  of  explosives  other  than  gunpowder  the  following 
amounts ; namely,  (a)  where  such  explosive  consists 
of  safety  cartridges  made  with  gunpowder,  an  amount 
containing  not  more  than  five  times  the  maximum  or 
minimum  amount  of  gunpowder,  as  the  case  may  be, 
above  mentioned  ; and  (6)  in  the  case  of  any  other 
explosive,  the  prescribed  amount ; and 

(5.)  Two  or  more  descriptions  of  explosives  shall  not  be 
kept  in  the  same  store  or  registered  premises,  except 
such  descriptions  as  may  be  prescribed  in  that 
behalf;  and,  when  so  kept,  shall  be  kept  subject 
to  the  prescribed  conditions  and  restrictions  ; and 

(6.)  Where  any  explosive,  other  than  gunpowder,  is 
allowed  to  be  kept  in  the  same  store  or  registered 
premises  with  gunpowder,  the  maximum  amount  of 
gunpowder  to  be  kept  therein  shall  be  the  prescribed 
amount  in  lieu  of  the  amount  fixed  by  Part  I.  of  the 
Act ; and 
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(7.)  Where  any  explosive  other  than  gunpowder  is  allowed 
to  be  kept  in  the  same  magazine,  store,  or  registered 
premises  with  gunpowder,  the  prescribed  general 
rules  shall  be  observed  instead  of  the  general  rules 
set  out  in  the  Act ; and 

(8.)  There  shall  be  on  the  outermost  package  containing 
the  explosive,  in  lieu  of  the  word  “ gunpowder,”  the 
name  of  the  explosive,  with  the  addition  of  the  word 
“explosive,”  and  if  such  name  is  materially  false  the 
person  selling  or  exposing  for  sale  such  explosive, 
and  also  the  owner  of  the  explosive,  shall  be  liable 
to  a penalty  not  exceeding  ^50. 

(9.)  With  respect  to  the  importation  from  any  place  out 
of  the  United  Kingdom  of  either  dynamite  or  gun- 
cotton, or  any  explosive  (other  than  gunpowder, 
cartridges  made  with  gunpowder,  percussion  caps, 
fireworks,  and  any  prescribed  explosive),  the  follow- 
ing provisions  shall  have  effect : — (a)  The  owner  and 
master  of  any  ship  having  on  board  any  such 
explosive  shall  not  permit  the  same  to  be  unloaded 
and  delivered  to  any  person  who  does  not  hold  an 
importation  license  from  the  Secretary  of  State,  and 
any  transhipment  shall  be  deemed  to  be  delivery  ; 
(/;)  the  Secretary  of  State  may  grant  an  importation 
license  for  any  such  explosive,  and  may  annex  thereto 
such  provisions  and  restrictions  as  he  may  think 
fit  for  the  protection  of  the  public  from  danger; 
(c)  the  license  shall  be  of  such  duration  as  the 
Secretary  of  State  may  fix,  and  shall  be  available 
only  for  the  person  named  in  the  license ; ( d ) in  the 
event  of  any  breach  by  any  act  or  default  of  the 
provisions  of  this  section  with  respect  to  the  importa- 
tion of  an  explosive,  or  of  the  provisions  of  any 
importation  license,  all  or  any  part  of  the  explosive 
with  respect  to  which  such  breach  is  committed,  or 
being  in  any  ship  or  boat  in  connection  with  which 
such  breach  is  committed,  may  be  forfeited,  and  the 
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owner  and  master  of  such  ship  or  boat,  and  the 
licensee  or  person  to  whom  the  explosive  is  de- 
livered, shall  each  be  liable  to  a penalty  not  exceed- 
ing ^100,  and  to  a further  penalty  not  exceeding 
2S.  for  every  pound  of  such  explosive ; and  ( e ) the 
Commissioners  of  Customs  and  their  officers  shall 
have  the  same  power  with  respect  to  any  such 
explosive,  and  the  ship  containing  die  same,  as  they 
have  for  the  time  being  with  respect  to  any  article 
on  the  importation  of  which  restrictions  are  for  the 
time  being  imposed  by  law  (s.  40). 

Nothing  in  the  Act  shall  apply  to  the  filling  or  conveying, 
for  private  use  and  not  for  sale,  of  any  safety  cartridges  to  the 
amount  allowed  by  the  Act  to  be  kept  for  private  use  (s.  41). 

Sect.  29  of  the  Passengers  Act,  1855,*  and  sects.  23  to  27, 
both  inclusive,  of  the  Merchant  Shipping  Act,  1873,!  shall 
apply  to  every  explosive  within  the  meaning  of  this  Act  in  like 
manner  as  they  apply  to  gunpowder  (s.  42). 


Specially  Dangerous  Explosives. 

Her  Majesty  from  time  to  time,  by  Order  in  Council,  may 
prohibit,  either  absolutely,  or  except  in  pursuance  of  a license 
of  the  Secretary  of  State  under  this  Act,  or  may  subject  to  con- 
ditions or  restrictions  the  manufacture,  keeping,  importation 
from  any  place  out  of  the  United  Kingdom,  conveyance,  and 
sale,  or  any  of  them,  of  any  explosive  which  is  of  so  dangerous 
a character  that  it  is  expedient  for  the  public  safety  to  make 
such  Order ; and  any  explosive  manufactured  or  kept  in  con- 
travention of  any  such  Order  shall  be  deemed  to  be  manufac- 
tured or  kept  in  an  unauthorised  place,  and  any  explosive  con- 

Ly  which  gunpowder  is  prohibited  as  cargo  on  a passenger  ship, 
t Imposing  a penalty  of /500  on  any  person  who  sends  by  ship  “ dan- 
gerous goods”  under  a false  description,  and  empowering  the  shipowner  or 

ztiz  eoo<ls  overb“,<1' ami  iieci",ns  e°odS  sc 
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veyed  in  contravention  of  any  such  Order  shall  be  deemed  to 
be  conveyed  in  contravention  of  a bye-law  under  the  Act. 

If  any  explosive  is  imported  or  sold  in  contravention  of  any 
such  Order,  (i)  all  or  any  part  of  such  explosive  may  be 
forfeited;  (2)  the  owner  or  master  of  the  ship  in  which  it  was 
imported  shall  be  liable  to  a penalty  not  exceeding  10s.  for 
every  pound  of  such  explosive  brought  in  the  ship  ; and  (3)  the 
person  to  whom  it  was  delivered  and  the  person  selling  the 
same  shall  be  liable  to  a penalty  not  exceeding  10s.  for  every 
pound  of  such  explosive  delivered  or  sold  or  found  in  his 
possession. 

The  Commissioners  of  Customs  and  their  officers  shall  have 
the  same  power  with  respect  to  any  such  explosive,  and  the 
ship  containing  the  same,  as  they  have  for  the  time  being  with 
respect  to  any  article  prohibited  by  law  to  be  imported  (s.  43). 

Provisions  in  favour  of  certain  Manufacturers  and  Dealers. 

The  occupier  of  a factory  for  any  explosive  shall  not  be 
required  to  take  out  a factory  license  for  making  up  on  such 
factory  the  explosive  made  thereon  into  cartridges  or  charges 
for  cannon  or  blasting  not  containing  within  themselves  their 
own  means  of  ignition ; and  the  occupier  of  any  magazine, 
store,  or  registered  premises  for  keeping  any  explosive  may 
keep  such  explosive  when  so  made  up  into  cartridges  or  charges 

as  if  it  were  not  so  made  up  (s.  44). 

The  occupier  of  a factory  for  any  explosive  who  manufac- 
tures a new  form  of  explosive  similar  to  the  one  specified  in 
his  license,  shall  not  be  deemed  to  have  manufactured  the  same 
in  an  unauthorised  place  if  the  manufacture  be  on  a small  scale, 
and  exclusively  for  the  purpose  of  trial  and  not  for  sale,  and  if 
he  send  notice  thereof  as  soon  as  manufactured  to  the  Secretary 
of  State  (s.  45). 

The  occupier  of  a magazine,  store,  or  registered  premises  for 
any  explosive  shall  not  be  required  by  the  Act  to  take  out  a 
factory  license  by  reason  that  in  connection  with  such  magazine, 
store,  or  premises  he  fills  for  sale  or  otherwise  any  cartridge  for 
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small  arms  with  the  said  explosive,  so  that  he  observe  the 
following  regulations;  namely, 

(1.)  There  shall  not  be  in  the  room  in  which  such  filling 
is  being  carried  on  more  than  five  pounds  of  gun- 
powder, or  the  prescribed  amount  of  any  other 
explosive,  except  it  is  made  up  into  safety  car- 
tridges ; and 

(2.)  Any  work  unconnected  with  the  making  of  the  car- 
tridges shall  not  be  carried  on  in  the  room  while  such 
filling  is  being  carried  on  ; and 

(3.)  There  shall  not  be  in  the  room  while  such  filling  is 
being  carried  on  any  fire  nor  any  artificial  light, 
except  a light  of  such  construction,  position,  or 
character  as  not  to  cause  any  danger  of  fire  or  explo 
sion ; and 

(4.)  In  the  case  of  a magazine  or  store,  the  room  in  which 
the  filling  is  carried  on  shall  be  detached  from  the 
magazine  or  store,  but  in  the  immediate  neighbour- 
hood thereof,  and  at  such  distance  therefrom  as  may 
be  specified  in  the  case  of  a magazine  by  the  license, 
and  in  the  case  of  a store  by  an  Order  in  Council 
relating  to  stores  ; and 

(5  ) I he  occupier  shall  give  notice  in  the  case  of  a 
magazine  to  the  Secretary  of  State,  and  in  the  case 
of  a store  or  registered  premises  to  the  Local 
Authority,  that  he  intends  to  carry  on  such  filling 
of  cartridges. 


In  the  case,  however,  of  magazine  or  store  for  which  a 
continuing  certificate  has  been  obtained,  the  previous  consent 
of  the  Secretary  of  State  will  be  required. 

I he  regulations  in  this  section  shall  be  deemed  to  be 


general  rules  under  the  Act,  and  the  breach  of  them  shall  be 
punished  accordingly  (s.  46). 

The  occupier  of  any  magazine  or  store  for  any  explosive 
shall  not  be  required  by  the  Act  to  take  out  a factory  license 
by  reason  that,  in  connection  with  such  magazine  or  store,  he, 
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by  tilling  cartridges,  making  charges,  drying,  sifting,  fitting,,  or 
otherwise,  adapts  or  prepares  the  said  explosive  for  use  ex- 
clusively in  his  mine  or  quarry,  or  in  some  excavation  or  work 
carried  on  by  him  or  under  his  control,  so  that  he  observe  the 
following  regulations  ; namely, 

(i.)  There  shall  not  be  in  the  workshop  in  which  such 
adaptation  or  preparation  is  carried  on  more  than 
100  pounds  of  gunpowder  or  the  prescribed  amount 
of  any  other  explosive  ; and 

(2.)  Any  work  unconnected  with  such  adaptation  or  pre- 
paration shall  not  be  carried  on  in  the  said  work- 
shop while  such  adaptation  or  preparation  is  being 
carried  on  ; and 

(3.)  The  said  workshop  shall  be  detached  from  the 
magazine  or  store,  but  in  the  immediate  neighbour- 
hood thereof,  and  at  such  distance  therefrom  as  may 
be  specified,  in  the  case  of  a magazine  by  the  license, 
and  in  the  case  of  a store  by  an  Order  in  Council 
relating  to  stores  ; and 

(4.)  An  explosive  of  one  description  shall  not  be  con- 
verted into  an  explosive  of  another  description,  and 
shall  not  be  unmade  or  resolved  into  its  ingredients; 
and 

(5.)  The  occupier  shall  give  notice  in  the  case  of  a 
magazine  to  the  Secretary  of  State,  and  in  the  case 
of  a store  to  the  Local  Authority,  that  he  intends  to 
carry  on  such  adaptation  or  preparation  as  is  allowed 
by  this  section. 

In  the  case,  however,  of  a magazine  or  store  for  which  a 
continuing  certificate  has  been  obtained,  the  previous  consent 
of  the  Secretary  of  State  will  be  required. 

The  regulations  in  this  section  shall  be  deemed  to  be 
general  rules  under  the  Act,  and  the  breach  of  them  shall  be 
punished  accordingly  (s  47). 
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Existing  Factories , Magazines , and  Stores. 

In  any  continuing  certificate  for  a lawfully  existing  factory 
or  magazine  for  any  explosive  other  than  gunpowder,  the 
following  regulations  are  to  form  part  of  the  terms  of  such 
certificate : — 

(1.)  If  the  factory  or  magazine  is  for  dynamite  or  any 
substance  having  nitro-glycerine  as  one  of  its  com- 
ponent parts  or  ingredients,  the  conditions  contained 
in  the  existing  license,  with  such  modifications  (if 
any)  as  the  Secretary  of  State  may  think  necessary  in 
order  to  bring  the  same  into  conformity  with  this 
Act,  and  also  any  limitation  of  time  for  the  expira- 
tion of  the  license  contained  in  the  existing  license, 
and  also  the  existing  power  of  the  Secretary  of  State 
to  revoke  the  license  ; and 

(2.)  In  any  other  case,  such  terms  as  the  Secretary  of 
State  may  think  expedient,  having  regard  to  the 
conditions  (if  any)  contained  in  the  license  under 
which  the  factory  or  magazine  is  established ; and 
such  terms  shall  include  any  limitation  of  time 
contained  in  such  license,  but  shall  not  require  the 
removal  of  any  lawfully  existing  building  or  work 

(s-  5 0’ 


PART  III.— ADMINISTRATION  OF  LAW. 

Government  Inspectors  of  Explosives. 

A Government  inspector  shall  have  power  to  make  such 
examination  and  inquiry  as  may  be  necessary  to  ascertain 
whether  the  Act  is  complied  with,  and  for  that  purpose 
(1)  he  may  enter,  inspect,  and  examine  any  factory,  magazine, 
or  store  of  any  explosive,  and  every  part  thereof,  at  all  times 
by  day  and  night,  but  so  as  not  to  unnecessarily  impede  or 
obstruct  the  work  in  such  factory,  magazine,  or  store,  and 
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may  make  inquiries  as  to  the  observance  of  the  Act  and  all 
matters  and  things  relating  to  the  safety  of  the  public  or  of 
the  persons  employed  in  or  about  such  factory,  magazine,  or 
store;  (2)  he  may  enter,  inspect,  and  examine  any  premises 
registered  under  this  Act,  and  every  part  thereof,  in  which  any 
explosive  is  kept,  or  is  reasonably  supposed  by  him  to  be 
kept,  at  all  reasonable  times  by  day ; and  (3)  he  may  require 
the  occupier  of  any  factory,  magazine,  store,  or  premises  which 
he  is  entitled,  under  this  section,  to  enter,  or  a person 
employed  by  such  occupier  therein,  to  give  him  samples  of 
any  explosive  or  ingredients  of  an  explosive  therein,  or  of 
any  substance  therein,  the  keeping  of  which  is  restricted  or 
regulated  by  the  Act,  or  of  any  substance  therein  which  the 
inspector  believes  to  be  an  explosive,  or  such  ingredients  or 
substance. 

The  occupier  of  every  such  factory,  magazine,  store,  and 
registered  premises,  his  agents  and  servants,  shall  furnish  the 
means  required  by  the  inspector  as  necessary  for  every  such 
entry,  inspection,  examination,  and  inquiry. 

Any  person  who  obstructs  an  inspector  in  the  execution  of 
his  duties  under  the  Act  shall  be  liable  to  a penalty  of  ^100 
for  each  offence  (s.  55). 

If  in  any  matter  not  expressly  provided  for  by  the  Act,  an 
inspector  find  any  factory,  magazine,  or  store  for  an  explosive, 
or  any  part  thereof,  or  any  thing  or  practice  therein  or  con- 
nected therewith,  to  be  unnecessarily  dangerous  or  defective, 
so  as  in  his  opinion  to  tend  to  endanger  the  public  safety  or 
the  bodily  safety  of  any  person,  such  inspector  may  require  the 
occupier  of  such  factory,  magazine,  or  store  to  remedy  the 
same;  and  where  the  occupier  objects  to  comply  with  the 
requisition  he  may  require  the  matter  to  be  referred  to  arbitra- 
tion in  manner  provided  by  the  Act  (s.  56). 


Accidents. 

Whenever  there  occurs  any  accident  by  explosion  or  by  fire 
in  or  about  or  in  connection  with  any  factory,  magazine,  or 
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store,  or  any  accident  by  explosion  or  by  fire  causing  loss  of 
life  or  personal  injury  in  or  about  or  in  connection  with  any 
registered  premises,  the  occupier  of  such  factory,  magazine, 
store,  or  premises  shall  forthwith  send  or  cause  to  be  sent 
notice  of  such  accident  and  of  the  loss  of  life  or  personal 
injury  (if  any)  occasioned  thereby  to  the  Secretary  of  State. 
A notice  of  any  accident  of  which  notice  is  sent  in  pursuance 
of  this  section  to  a Government  inspector  need  not  be  sent  to 
any  inspector  or  sub-inspector  of  factories  or  any  inspector  of 
mines. 

Where  in,  about,  or  in  connection  with  any  carriage,  ship,  or 
boat,  either  conveying  an  explosive,  or  on  or  from  which  an 
explosive  is  being  loaded  or  unloaded,  there  occurs  any 
accident  by  explosion  or  by  fire  causing  loss  of  life  or  personal 
injury,  or  if  the  amount  of  explosive  conveyed  or  being  so 
loaded  or  unloaded  exceeds  in  the  case  of  gunpowder  half  a 
ton,  and  in  the  case  of  any  other  explosive  the  prescribed 
amount,  any  accident  by  explosion  or  by  fire,  the  owner  or 
master  of  such  carriage,  ship,  or  boat,  and  the  owner  of  the 
explosive  conveyed  therein  or  being  loaded  or  unloaded  there- 
from, or  one  of  them,  shall  forthwith  send  or  cause  to  be  sent 
notice  of  such  accident,  and  of  the  loss  of  life  or  personal 
injury,  if  any,  occasioned  thereby,  to  the  Secretary  of  State. 

Every  such  occupier,  owner,  or  master  as  aforesaid  who  fails 
to  comply  with  this  section  shall  be  liable  to  a penalty  of  ^20 
(s.  63). 

Where  an  accident  by  explosion  or  fire  has  occurred  in,  and 
wholly  or  partly  destroyed  a factory  magazine,  or  any  magazine 
or  store,  the  factory  magazine,  magazine,  or  store  shall  not  be 
reconstructed,  and  any  further  supply  of  an  explosive  shall  not 
be  put  therein,  except  with  the  permission  of  the  Secretary  of 
State;  and  where  an  accident  by  explosion  or  fire  in  a 
factory  has  wholly  or  partly  destroyed  any  building  of  such 
factory  as  to  which  a Government  inspector  has  previously  to 
the  accident  sent  to  the  occupier  a notice  that  the  building  is 
unduly  near  to  some  building  or  work  outside  the  factory,  such 
building  shall  be  reconstructed  only  upon  such  site  in  the 
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factory  and  with  such  precautions  as  may  seem  reasonable  to 
the  Secretary  of  State  ; and  where  an  accident  by  explosion  or 
by  fire  in  a factory  has  wholly  or  partly  destroyed  two  or  more 
buildings  in  such  factory,  not  more  than  one  of  such  buildings 
shall  be  reconstructed  except  with  the  permission  of  the 
Secretary  of  State;  provided  that  this  enactment  shall  not 
apply  to  any  buildings  in  a lawfully  existing  factory,  if  either 
both  or  all  such  buildings  are  incorporating  mills,  or  if  as 
regards  any  other  buildings  a Government  inspector  has  not 
previously  to  the  accident  sent  to  the  occupier  a notice  that 
such  buildings  are  unduly  near  to  each  other,  d lie  recon- 
struction of  any  building  in  contravention  of  this  section  shall 
be  deemed  to  be  a breach  of  the  terms  of  the  license,,  and  shall 
be  punished  accordingly  (s.  64). 

Corotiers ’ J?iquests. 

Where  a coroner  holds  an  inquest  upon  a body  of  any 
person  whose  death  may  have  been  caused  by  any  accident 
of  which  notice  is  required  by  the  Act  to  be  given  to  the 
Secretary  of  State,  or  by  the  explosion  of  any  explosive,  the 
coroner  is  to  adjourn  such  inquest  unless  a Government 
nspector,  or  some  person  on  behalf  of  the  Secretary  of  State, 
is  present  to  watch  the  proceedings ; but  if  such  accident  or 
explosion  has  not  occasioned  the  death  of  more  than  one 
person,  and  the  coroner  has  sent  to  the  Secretary  of  State  not 
less  than  forty-eight  hours’  notice  of  the  time  and  place  of 
holding  the  inquest,  it  shall  not  be  imperative  on  him  to 
adjourn  such  inquest  if  the  majority  of  the  jury  think  it  un- 
necessary; and  where  evidence  is  given  at  an  inquest  at 
which  no  Government  inspector  or  official  is  present,  of  any 
neglect  as  having  caused  or  contributed  to  the  explosion  or 
accident,  or  of  any  defect  in  or  about  or  in  connection  with 
any  factory,  magazine,  store,  or  registered  premises,  or  any 
carriage,  ship,  or  boat  carrying  an  explosive,  appearing  to  the 
coroner  or  jury  to  require  a remedy,  the  coroner  is  to  send  to 
the  Secretary  of  State  notice  in  writing  of  such  neglect  or 

defect  (s.  65). 
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Special  Inquiries. 

The  Secretary  of  State  may  direct  an  inquiry  to  be  made  by 
a Government  inspector  into  the  cause  of  any  accident  which 
is  caused  by  an  explosion  or  fire  either  in  connection  with  any 
explosive,  or  of  which  notice  is  required  by  the  Act  to  be  given 
to  the  Secretary  of  State ; and  where  it  appears  to  the  Secretary 
of  State,  either  before  or  after  the  commencement  of  any  such 
inquiry,  that  a more  formal  investigation  of  the  accident,  and 
of  the  causes  and  circumstances  thereof,  is  expedient,  the 
Secretary  of  State  is  empowered  to  direct  such  an  investigation 
to  be  held  by  a court  having  all  the  powers  of  a court  of 
summary  jurisdiction  hearing  informations  for  offences  against 
the  Act,  as  well  as  the  powers  of  a Government  inspector  under 
the  Act,  and  the  special  powers  of  entry  and  inspection  of 
premises,  of  summoning  witnesses,  and  of  calling  for  books, 
papers,  and  documents,  which  are  given  by  the  Act  (s.  66). 

Powers  of  Officer  of  Local  Authority. 

Any  officer  authorised  by  the  local  authority  may,  on  pro- 
ducing, if  demanded,  either  a copy  of  his  authority  purporting 
to  be  certified  by  the  clerk  or  some  member  of  the  local  autho- 
rity, or  some  other  sufficient  evidence  of  his  authority,  require 
the  occupier  of  any  store  (not  being  subject  to  the  inspection 
under  the  Act  of  any  Inspector  of  Mines)  or  any  registered 
premises,  or  any  small  firework  factory,  to  show  him  every  or 
any  place  and  all  or  any  of  the  receptacles  in  which  any  ex- 
plosive or  ingredient  of  an  explosive,  or  any  substance  the 
keeping  of  which  is  restricted  or  regulated  by  the  Act,  that  is 
in  his  possession  is  kept,  and  to  give  him  samples  of  such 
explosive,  ingredient,  or  substance,  or  of  any  substance  which 
the  officer  believes  to  be  an  explosive  or  such  ingredient  or 
substance. 

Any  occupier  of  a store  or  registered  premises  or  a small 
firework  factory  who  refuses  to  comply  with  any  such  requisition 
of  an  officer  of  the  local  authority,  or  to  give  him  such  assist- 
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ance  as  he  may  require  for  the  purpose  of  this  section,  or  who 
wilfully  obstructs  the  local  authority,  or  any  officer  of  the  local 
authority,  in  the  execution  of  the  Act,  shall  be  liable  to  a 
penalty  of  £20  (s.  69). 


Local  Authority  may  provide  Carriages  and  Magazines. 

Every  harbour  authority  and  canal  company  shall,  in  addition 
to  any  other  powers  they  may  have  for  the  like  purpose,  have 
power  to  provide  carriages,  ships,  and  boats  for  the  conveyance, 
loading,  or  unloading  of  an  explosive  within  the  jurisdiction  of 
such  authority  or  company,  and  may  charge  a reasonable  sum 
fixed  by  a bye-law  under  the  Act  for  the  use  of  such  carriage, 
ship,  or  boat  (s.  71). 


General  Power  of  Search. 


Where  any  of  the  following  officers— namely,  any  Govern- 
ment inspector,  or  any  constable  or  any  officer  of  the  local 
authority,  if  such  constable  or  officer  is  specially  authorised 
either  (a)  by  a warrant  of  a justice  (which  warrant  such  justice 
may  grant  upon  reasonable  ground  being  assigned  on  oath),  or 
(b)  (where  it  appears  to  a superintendent  or  other  officer  of 
police  of  equal  or  superior  rank,  or  to  a Government  inspector, 
that  the  case  is  one  of  emergency  and  that  the  delay  in  obtain- 
ing a warrant  would  be  likely  to  endanger  life),  by  a written 
order  from  such  superintendent,  officer,  or  inspector  has 
reasonable  cause  to  believe  that  any  offence  has  been  or  is 
being  committed  with  respect  to  an  explosive  in  any  place 
(whether  a building  or  not,  or  a carriage,  boat,  or  ship),  or  that 
any  explosive  is  in  any  such  place  in  contravention  of  the  Act, 
or  that  the  provisions  of  the  Act  are  not  duly  observed  in  any 
such  place,  such  officer  may,  on  producing,  if  demanded,  in  the 
case  of  a Government  inspector  a copy  of  his  appointment, 
and  in  the  case  of  any  other  officer  his  authority,  enter  at  any 
time,  and  if  needs  be  by  force,  and  as  well  on  Sunday  as  on 
other  days,  the  said  place,  and  every  part  thereof,  and  examine 
the  same,  and  search  for  explosives  therein,  and  take  samp  es 
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of  any  explosive  and  ingredient  of  an  explosive  therein,  and 
any  substance  reasonably  supposed  to  be  an  explosive,  or  such 
ingredient  which  may  be  found  therein. 

Any  person  who,  by  himself  or  by  others,  fails  to  admit  into 
any  place  occupied  by  or  under  the  control  of  such  person  any 
officer  demanding  to  enter  in  pursuance  of  this  section,  or  in 
any  way  obstructs  such  officer  in  the  execution  of  his  duty 
under  this  section,  shall  be  liable  to  a penalty  of  ^50,  and  shall 
also  be  liable  to  forfeit  all  explosives,  and  ingredients  thereof, 
which  are  at  the  time  of  the  offence  in  his  possession  or  under 
his  control  at  the  said  place. 

Where  a constable  or  officer  of  the  local  authority  specially 
authorised  by  written  authority  other  than  a warrant  of  a 
Justice  of  the  Peace,  enters  and  searches  as  above  provided,  a 
special  report  in  writing  of  every  act  done  by  such  constable 
or  officer  in  pursuance  of  that  authority,  and  of  the  grounds  on 
which  it  is  done,  shall  be  forthwith  sent  by  the  person  by 

whom  or  under  whose  authority  it  was  done  to  the  Secretary  of 
State  (s.  73). 

AVhere  any  of  the  following  officers — namely,  any  Govern- 
ment inspector,  or  any  constable,  or  any  officer  of  the  local 
authority— has  reasonable  cause  to  believe  that  any  explosive 
or  ingredient  of  an  explosive  or  substance  found  by  him  is 
liable  to  be  forfeited  under  the  Act,  he  may  seize  and  detain 
t e same  until  some  Court  of  Summary  Jurisdiction  has 
determined  whether  the  same  is  or  is  not  so  liable  to  be 

forfeted,  and  with  respect  thereto  the  following  provisions 
shall  have  effect : 

(r.)  The  officer  seizing  may  either  require  the  occupier  of 
the  place  in  which  it  was  seized  (whether  a building 
or  not,  or  a carriage,  boat,  or  ship)  to  detain  the 
same  in  such  place  or  in  any  place  under  the  control 
of  such  occupier,  or  may  remove  it  in  such  manner 
and  to  such  place  as  will  in  his  opinion  least 
endanger  the  public  safety,  and  there  detain  it,  and 
may,  where  the  matter  appears  to  him  to  be  urgent 
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and  fraught  with  serious  public  danger,  and  he  is  a 
Government  Inspector,  or  is  authorised  by  an  order 
from  a Government  Inspector  or  a Justice  of  the 
Peace,  or  from  a superintendent  or  other  officer  of 
police  of  equal  or  superior  rank,  cause  the  same  to 
be  destroyed  or  otherwise  rendered  harmless ; but 
before  destroying  or  rendering  harmless  the  same  he 
shall  take  and  keep  a sample  thereof,  and  shall,  if 
required,  give  a portion  of  the  sample  to  the  person 
owning  the  explosive,  or  having  the  same  under  his 
control  at  the  time  of  the  seizure ; and  any  such 
occupier  who,  by  himself  or  by  others,  fails  to  keep 
the  same  when  he  is  required  in  pursuance  of  this 
section  to  detain  it,  and  any  such  occupier  or  other 
person  who,  except  with  the  authority  of  the  officer 
seizing  the  same,  or  of  a Government  Inspector,  or 
in  case  of  emergency  for  the  purpose  of  preventing 
explosion  or  fire,  removes,  alters,  or  in  any  way 
tampers  or  deals  with  the  same  while  so  detained, 
shall  be  liable  to  a penalty  not  exceeding  ^50,  and 
shall  also  be  liable  to  forfeit  all  explosives,  and  in- 
gredients thereof,  which  are  at  the  time  of  the 
offence  in  his  possession  or  under  his  control  at  the 
said  place ; 

(2.)  The  proceedings  before  a Court  of  Summary  Juris- 
diction for  determining  whether  the  same  is  or  is  not 
liable  to  forfeiture  shall  be  commenced  as  soon  as 
practicable  after  the  seizure  ; and 

(3.)  The  receptacles  containing  the  same  may  be  seized, 
detained,  and  removed  in  like  manner  as  the  contents 
thereof;  and 

(4.)  The  officer  seizing  the  same  may  use  for  the  purposes 
of  the  removal  and  detention  thereof  any  ship,  boat, 
or  carriage  in  which  the  same  was  seized,  and  any 
tug,  tender,  engine,  tackle,  beasts,  and  accoutrements 
belonging  to  or  drawing  or  provided  for  drawing  such 
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ship,  boat,  or  carriage,  and  shall  pay  to  the  owner  a 
reasonable  compensation  for  such  use,  to  be  deter- 
mined, in  case  of  dispute,  by  a Court  of  Summary 
Jurisdiction,  and  to  be  recovered  in  like  manner  as 
penalties  under  the  Act ; and 
(5.)  The  same  shall,  so  far  as  practicable,  be  kept  and 
conveyed  in  accordance  with  the  Act,  and  with  all 
due  precaution  to  prevent  accident,  but  the  person 
seizing,  removing,  detaining,  keeping,  or  conveying 
the  same  shall  not  be  liable  to  any  penalty,  punish- 
ment, or  forfeiture,  or  to  any  damages,  for  keeping  or 
conveying  the  same,  so  that  he  use  all  such  due 
precautions  as  aforesaid  ; and 

(6.)  The  officer  seizing  the  same,  or  dealing  with  the  same 
in  pursuance  of  this  section,  shall  not  be  liable  to 
damages  or  otherwise  in  respect  of  such  seizure  or 
dealing,  or  any  act  incidental  to  or  consequential 
thereon,  unless  it  is  proved  that  he  made  such  seizure 
without  reasonable  cause,  or  that  he  caused  damage 
to  the  article  seized  by  some  wilful  neglect  or  de- 
fault (s.  74). 

Any  of  the  following  officers — namely,  any  Government  In- 
spector under  the  Act,  any  chief  officer  of  police,  and  any  superior 
officer  appointed  for  the  purposes  of  this  Act,  where  the  justices 
in  petty  sessions  are  the  local  authority,  by  the  court  of  quarter 
sessions  to  which  such  justices  belong,  and  in  the  case  of  any 
other  local  authority  by  the  local  authority  itself — may,  for  the 
purpose  of  ascertaining  whether  the  provisions  of  the  Act  with 
respect  to  the  conveyance,  loading,  unloading,  and  importation 
of  an  explosive  are  complied  with,  enter,  inspect  and  examine 
at  any  time,  and  as  well  on  Sundays  as  on  other  days,  the 
wharf,  carriage,  ship,  or  boat  of  any  carrier  or  other  person  who 
conveys  goods  for  hire,  or  of  the  occupier  of  any  factory 
magazine,  or  store,  or  of  the  importer  of  any  explosive,  on  or  in 
ici  w arf,  carriage,  ship,  or  boat  he  has  reasonable  cause  to 
suppose  an  explosive  to  be  for  the  purpose  of  or  in  course  of 
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conveyance,  but  so  as  not  to  unnecessarily  obstruct  the  work 
or  business  of  any  such  carrier,  person,  occupier,  or  importer. 

Any  such  officer,  if  he  find  any  offence  being  committed 
under  the  Act  in  any  such  wharf,  carriage,  ship,  or  boat,  or  on 
any  public  wharf,  may  seize  and  detain  or  remove  the  said 
carriage,  ship,  or  boat,  or  the  explosive,  in  such  manner  and 
with  such  precautions  as  appear  to  him  to  be  necessary  to 
remove  any  danger  to  the  public,  and  may  seize  and  detain  the 
said  explosive,  as  if  it  were  liable  to  forfeiture. 

Any  officer  above  mentioned  in  this  section,  and  any  officer 
of  police,  or  officer  of  the  local  authority  who  has  reasonable 
cause  to  suppose  that  any  offence  against  the  Act  is  being 
committed  in  respect  of  any  carriage  (not  being  on  a railway) 
or  any  boat  conveying,  loading,  or  unloading  any  explosive, 
and  that  the  case  is  one  of  emergency,  and  that  the  delay  in 
obtaining  a warrant  will  be  likely  to  endanger  life,  may  stop, 
and  enter,  inspect,  and  examine  such  carriage  or  boat,  and  by 
detention  or  removal  thereof  or  otherwise  take  such  precautions 
as  may  be  reasonably  necessary  for  removing  such  danger,  in 
like  manner  as  if  such  explosive  were  liable  to  forfeituie. 

Every  officer  shall  for  the  purpose  of  this  section  have  the 
same  powers  and  be  in  the  same  position  as  if  he  were 
authorised  by  a search  warrant  granted  under  the  Act,  and  any 
person  failing  to  admit  or  obstructing  such  officer  shall  be 

liable  to  the  same  penalty  (s.  75). 

When  a Government  Inspector,  constable,  or  officer  of  the 
local  authority  takes  samples  of  any  explosive,  or  ingredient, 
or  substance,  he  shall  pay  for  or  tender  payment  for  the  same 
to  such  amount  as  he  considers  to  be  the  market  value  thereof, 
and  the  occupier  of  the  place  in  which,  or  the  owner  of  the 
bulk  from  which  the  sample  was  taken,  may  recover  from  the 
officer  taking  the  sample,  as  a debt  in  the  county  court,  any 
excess  of  the  real  value  over  the  amount  so  paid  or  tendered, 
and  any  amount  so  tendered  (s.  76). 
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PART  IV.— SUPPLEMENTAL  PROVISIONS. 

Trespassers  and  Offenders. 

Any  person  who  enters  without  permission  or  otherwise 
trespasses  upon  any  factory,  magazine,  or  store,  or  the  land 
immediately  adjoining  thereto  which  is  occupied  by  the 
occupier  of  such  factory,  magazine,  or  store,  or  on  any  wharf 
for  which  bye-laws  are  made  by  the  occupier  thereof  under  the 
Act,  shall  for  every  such  offence,  if  not  otherwise  punishable, 
be  liable  to  a penalty  not  exceeding  and  may  be  forthwith 
removed  from  such  factory,  magazine,  store,  land,  or  wharf,  by 
any  constable,  or  by  the  occupier  of  such  factory,  magazine, 
store;  or  wharf,  or  any  agent  or  servant  of  or  other  person 
authorised  by  such  occupier. 

Any  person  other  than  the  occupier  of  or  person  employed 
in  or  about  any  factory,  magazine,  or  store  who  is  found  com- 
mitting any  act  which  tends  to  cause  explosion  or  fire  in  or 
about  such  factory,  magazine,  or  store,  shall  be  liable  to  a 
penalty  not  exceeding  ^50. 

The  occupier  of  any  such  factory,  magazine,  store,  or  wharf 
shall  post  up  in  some  conspicuous  place  or  places  a notice  or 
notices  warning  all  persons  of  their  liability  to  penalties  under 
this  section ; but  the  absence  of  any  such  notice  or  notices 
shall  not  exempt  a person  from  a penalty  under  this  section 
(s-  77)- 

Any  person  who  is  found  committing  any  act  for  which  he 
is  liable  to  a penalty  under  the  Act,  and  which  tends  to  cause 
explosion  or  fire  in  or  about  any  factory,  magazine,  store,  rail- 
way, canal,  harbour,  or  wharf,  or  any  carriage,  ship,  or  boat, 
may  be  apprehended  without  a warrant  by  a constable,  or  an 
officer  of  the  local  authority,  or  by  the  occupier  of  or  the  agent 
or  servant  of  or  other  person  authorised  by  the  occupier  of 
such  ractory,  magazine,  store,  or  wharf,  or  by  any  agent  or 
servant  of  or  other  person  authorised  by  the  railway  or  canal 
company  or  harbour  authority,  and  be  removed  from  the  place 
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at  which  he  is  arrested,  and  conveyed  as  soon  as  conveniently 
may  be  before  a court  of  summary  jurisdiction. 

Where  any  person  is  guilty  of  any  offence  which  under  the 
Act  is  punishable  by  a pecuniary  penalty  only,  and  which,  in 
the  opinion  of  the  court  that  tries  the  case,  was  reasonably 
calculated  to  endanger  public  safety  or  to  cause  serious 
personal  injury,  or  to  cause  a dangerous  accident,  and  was 
committed  wilfully  by  the  person  accused,  such  person  shall 
be  liable  to  six  months’  imprisonment,  with  or  without  hard 
labour  (s.  78). 

Every  person  who  forges  or  counterfeits  any  license,  certifi- 
cate, document,  or  plan  granted  or  required  in  pursuance  or 
for  the  purposes  of  the  Act,  or  gives  or  signs  any  such 
document  or  plan  which  is  to  lus  knowledge  false  in  any 
material  particular,  or  wilfully  makes  use  of  any  such  forged, 
counterfeit,  or  false  license,  certificate,  document,  or  plan, 
shall  be  liable  to  imprisonment,  with  or  without  hard  labour, 
for  a term  not  exceeding  two  years  (s.  81). 

Every  person  who,  without  due  authority,  pulls  down, 
injures,  or  defaces  any  notice,  copy  of  rules,  or  document, 
when  affixed  in  pursuance  of  this  Act,  or  of  the  special  rules, 
shall  be  liable  to  a penalty  not  exceeding  two  pounds  (s.  82). 


Legal  Proceedings. 

Where  any  offence  under  the  Act  for  which  the  occupier  of 
any  factory,  magazine,  store,  or  registered  premises  is  liable  to 
a penalty  or  forfeiture  has  in  fact  been  committed  by  some 
other  person,  such  other  person  shall  be  liable  to  a penalty  not 
exceeding  twenty  pounds,  and  the  occupier  shall  be  exempt 
from  any  penalty  and  forfeiture  upon  proving  that  he  had  used 
due  diligence  to  enforce  the  observance  of  the  Act,  and  had 
taken  all  practicable  means  in  his  power  to  prosecute  the 
actual  offender  to  conviction;  and  where  a Government 
Inspector,  or  an  officer  of  the  local  authority,  or  the  local 
authority,  is  satisfied  that  such  occupier  would,  under  the 
foregoing  provisions,  be  exempt,  and  the  occupier  gives  all 
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facilities  for  proceeding  against  and  convicting  the  actual 
offender,  the  inspector,  officer,  or  local  authority  shall  proceed 
against  that  person  in  the  first  instance,  without  first  proceed- 
ing against  the  occupier. 

Where  any  offence  under  the  Act  for  which  any  warehouse- 
man, carrier,  occupier  of  a wharf  or  dock,  or  owner  or  master 
of  any  ship,  boat,  or  carriage,  is  liable  to  a penalty  or  for- 
feiture, has  in  fact  been  committed  by  some  other  person,  this 
section  is  to  apply  in  like  manner  as  in  the  case  of  an 
occupier  (s.  87). 

Where  a carrier  or  owner  or  master  of  a ship  or  boat  is 
prevented  from  complying  with  the  Act  by  the  wilful  act, 
neglect,  or  default  of  the  consignor  or  consignee  of  the  ex- 
plosive, or  other  person,  or  by  the  improper  refusal  of  the 
consignee  or  other  person  to  accept  delivery  of  the  explosive, 
such  consignor,  consignee,  or  other  person  who  is  guilty  of 
such  wilful  act,  neglect,  default,  or  refusal,  shall  be  liable  to  the 
same  penalty  to  which  the  carrier,  owner,  or  master  is  liable 
for  a breach  of  the  Act,  and  his  conviction  shall  exempt  the 
carrier,  owner,  or  master  from  any  penalty  or  forfeiture  under 
the  Act  (s.  88). 

Where  a court  before  whom  a person  is  convicted  of  an 
offence  against  the  Act  has  power  to  forfeit  any  explosive,  the 
court  may,  if  they  think  it  just  and  expedient,  in  lieu  of  forfeiting 
such  explosive,  impose  upon  such  person,  in  addition  to  any 
other  penalty  or  punishment,  a penalty  not  exceeding  such 
sum  as  appears  to  the  court  to  be  the  value  of  the  explosive  so 
liable  to  be  forfeited. 

Where  any  explosive,  or  ingredient  of  an  explosive,  is 
alleged  to  be  liable  under  the  Act  to  be  forfeited,  any  indict- 
ment, information,  or  complaint  may  be  laid  against  the  owner 
of  such  explosive  or  ingredient,  for  the  purpose  only  of  en- 
forcing such  forfeiture ; and  where  the  owner  is  unknown,  or 
cannot  be  found,  a court  may  cause  a notice  to  be  advertised, 
stating  that  unless  cause  is  shown  to  the  contrary  at  the  time 
and  place  named  in  the  notice,  such  explosive  will  be  for- 
feited, and  at  such  time  and  place  the  court,  after  hearing  the 


218 


DANGEROUS  GOODS. 


owner  or  any  person  on  his  behalf,  may  order  all  or  any  part 
of  such  explosive  or  ingredient  to  be  forfeited  (s.  89). 

Every  offence  under  the  Act  may  be  prosecuted,  and  every 
penalty  under  the  Act  recovered,  and  all  explosives  and 
ingredients  liable  to  forfeiture  under  the  Act  may  be  forfeited, 
either  on  indictment  or  before  a court  of  summary  jurisdiction, 
provided  that  the  penalty  shall  not  exceed  ^100,  exclusive  of 
costs,  and  of  any  forfeiture  or  penalty  in  lieu  of  forfeiture,  and 
the  term  of  imprisonment  shall  not  exceed  one  month.  All 
costs  and  penalties  may  be  recovered  before  a court  of 
summary  jurisdiction. 

A court  of  summary  jurisdiction  may  by  order  prohibit  a 
person  from  doing  any  act,  for  doing  which  such  person  has 
twice  been  convicted  under  the  Act,  and  may  order  any  person 
disobeying  such  summary  order  to  be  imprisoned  for  any 
period  not  exceeding  six  months  (s.  91). 

The  court  of  summary  jurisdiction,  when  hearing  and  deter- 
mining an  information  or  complaint,  in  respect  of  any  offence 
under  the  Act,  shall  be  constituted  either  of  two  or  more 
justices  of  the  peace  in  petty  sessions,  or  of  a magistrate 
empowered  by  law  to  do  alone  any  act  authorised  to  be  done 
by  more  than  one  justice  of  the  peace. 

Nothing  in  the  Act  shall  render  liable  to  any  penalty  or 
forfeiture  the  owner  or  master  of  any  ship  or  boat,  or  any 
carrier  or  warehouseman,  or  the  person  having  charge  of  any 
carriage,  for  any  act  done  in  breach  of  the  Act,  if  he  prove 
that  by  reason  of  stress  of  weather,  inevitable  accident,  or  other 
emergency,  the  doing  of  such  act  was,  under  the  circumstances, 
necessary  and  proper  (s.  100). 

Definition  a?ui  Classification  of  Explosives. 

Her  Majesty  is  empowered,  by  Order  in  Council,  to  declare 
that  any  substance  which  appears  to  Her  Majesty  to  be  spe- 
cially dangerous  to  life  or  property  by  reason  either  of  its 
explosive  properties,  or  of  any  process  in  the  manufacture 
thereof  being  liable  to  explosion,  shall  be  deemed  to  be  an 
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explosive  within  the  meaning  of  the  Act ; and  Her  Majesty 
is  also  empowered  from  time  to  time,  by  Order  in  Council,  to 
define,  for  the  purposes  of  the  Act,  the  composition,  quality, 
and  character  of  any  explosive,  and  to  classify  explosives 
(ss.  104,  106). 

Any  person  who  carries  on  any  of  the  following  processes — 
namely,  the  process  of  dividing  into  its  component  parts  or 
otherwise  breaking  up  or  unmaking  any  explosive,  or  making 
fit  for  use  any  damaged  explosive,  or  the  process  of  remaking, 
altering,  or  repairing  any  explosive,  shall  be  subject  to  the 
provisions  of  this  Act  as  if  he  manufactured  an  explosive,  and 
the  expression  “ manufacture  ” in  the  Act  is  to  be  construed 
accordingly  (s.  105). 


Table  of  Fees. 


The  following  are  to  be  the  maximum  fees  for  licenses  and 
certificates  granted  by  the  Secretary  of  State  (s.  26). 


Factory  license,  original 
,,  ,,  amending  - 

,,  ,,  renewal  when  lost 

Magazine  license,  original  - 
„ „ amending 

„ „ renewal  when  lost 

Importation  license,  first  grant  - 
,,  ,,  renewal 

Continuing  certificate 


Ten  pounds. 
Five  pounds. 
Five  shillings. 
Ten  pounds. 
Five  pounds. 
Five  shillings. 
One  pound. 
Ten  shillings. 
Forty  shillings 


Table  of  Explosives  authorised  to  be  manufactured,  with  the  number  of  Factories  in  which 
each  could  be  made  at  the  end  of  each  year  since  the  passing  of  the  Act. 
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PART  II. 


NOTES  OF  INSTRUCTIVE  ACCIDENTS 
WITH  VARIOUS  MATERIALS.  ILLUS- 
TRATING THEIR  NATURE. 


PART  II. 

INSTRUCTIVE  ACCIDENTS. 


AMMONIUM  HYDRATE  (AMMONIA). 

On  a hot  summer’s  day  a laboratory  assistant  was  in  the  act 
of  opening  a Winchester  quart  bottle  of  strong  ammonia  solu- 
tion for  the  writer,  and  no  sooner  had  he  relieved  the  stopper 
from  the  linseed  meal  surrounding  it,  than  half  the  ammonia 
shot  out  of  the  bottle  with  tremendous  force,  leaving  a residue 
of  the  liquid  in  the  bottle  in  a state  of  violent  ebullition  for 
some  time.  The  unfortunate  young  man  had  a narrow  escape 
of  his  life.  A quantity  of  the  liquid  dashed  into  his  face,  and 
some  of  it  must  have  reached  his  stomach,  because  his  abdomen 
swelled  to  an  immense  size;  but  a timely  administration  of 
dilute  hydrochloric  acid  quickly  brought  it  down  to  its  normal 
condition,  otherwise  the  consequences  must  have  been  fatal. 
His  face  and  eyes  were  badly  burnt,  and  the  skin  of  his  tongue 
and  lips  so  cauterised  that  the  whole  peeled  off.  His  heart  has 
since  been  chronically  affected  by  the  strain. 

Bottles  containing  strong  solution  of  ammonia  should  be 
kept  in  a cool  place,  and  the  stoppers  should  be  taken  out  at 
arm’s-length,  especially  in  the  summer  months. 

ANHYDROUS  AMMONIA. 

An  explosion  of  a cylinder  of  this  compressed  gas  took 
place  on  board  a steamer  in  the  tropics  in  October  1891.  It 
appeared  that  the  poop-hold  contained  23  or  24  wooden  cases 
containing  wrought-iron  cylinders  of  pinch  iron,  7 feet  long 
and  8£  inches  outside  diameter.  A tube,  which  was  afterwards 
found  to  contain  a flaw,  burst,  the  escaping  ammonia  gas 

killing  one  man,  and  considerable  damage  was  done  to  the 
ship. 
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BENZOL  (MINERAL  SPIRIT). 

A truck  containing  8 puncheons  of  mineral  spirit  of  about 
ioo  gallons  each  was  being  shunted  at  the  Holloway  Station  of 
the  Great  Northern  Railway  when  it  came  into  collision  with 
an  engine,  causing  the  barrels  containing  the  benzol  to  leak. 
The  exuding  volatile  liquid  quickly  caught  fire,  and  enveloped 
the  driver  and  fireman  in  flames,  both  being  burnt  to  death. 
The  flash  point  of  the  spirit  was  10°  F.,  and  it  was  known  as 
90  per  cent,  benzol. 

Highly  inflammable  liquids  of  this  nature  should  not  be 
conveyed  in  barrels,  but  in  properly  secured  iron  drums. 

BLASTING  GELATINE. 

Several  cases  of  explosions  with  this  stuff  have  recently  been 
reported  upon  by  H.M.  Inspectors  of  Explosives,  which  tend 
to  show  that  blasting  gelatine  is  liable  to  spontaneous  decom- 
position, especially  if  kept  for  some  time  in  hot  countries. 

A terrible  explosion  of  a magazine  containing  17,450  lbs. 
of  blasting  gelatine  and  5,450  lbs.  of  dynamite  took  place  at 
Bombay  in  1891.  The  magazine  in  question  was  substantially 
built,  with  walls  of  stone  laid  in  mortar,  with  an  arched  roof. 
The  report  by  the  committee  appointed  to  inquire  into  the 
affair  stated  that  “early  on  the  morning  of  the  28th  December 
1891  the  watchmen  observed  smoke  issuing  from  the  ventilatois 
of  the  magazine,  and  as  the  smoke  increased  the  men  ran  away, 
and  shortly  after  this  the  explosion  occurred.  One  of  the 
watchmen  ran  to  the  nearest  police  station,  a distance  of  about 
1,000  yards,  and  had  just  arrived  at  the  station  as  the  explosion 
took  place ; so  it  may  be  reasonably  assumed  that  between  the 
time  when  smoke  was  first  observed  and  the  explosion  could 
not  have  been  less  than  10  to  15  minutes,  but  there  is  no 
evidence  as  to  how  long  a time  the  burning  had  been  in  pro- 
gress inside  the  building  before  the  smoke  was  discovered. 

« There  is  no  reason  to  suppose  that  the  explosion  was  due 
to  other  than  accidental  causes,  and  the  opinion  of  the  com- 
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mittee  is,  that  some  of  the  explosives  (probably  some  of  the 
blasting  gelatine)  had  become  unstable,  owing  to  decomposi- 
tion, and  that  there  was  spontaneous  ignition  of  some  case  or 
cases ; that  the  effect  of  the  burning  in  an  enclosed  building 
was  to  heat  some  portion  of  the  explosives  to  a temperature 
approaching  their  exploding  point,  and  that  eventually  the  fire 
inside  the  magazine  ended  as  it  was  bound  to  under  the 
circumstances.” 


COAL  DUST. 

Coal  dust,  until  quite  recently,  was  not  considered  to  be 
a primary  cause  of  the  disastrous  colliery  explosions  we  too 
frequently  hear  of.  But  it  has  now  been  proved  beyond  doubt 
that  a mixture  of  air  and  coal  dust,  under  certain  conditions,  is 
highly  explosive,  and  that  it  is  not  necessary  that  there  should 
always  be  fire-damp  or  marsh  gas  present  in  a mine  as  the 
cause  of  an  explosion. 

Respecting  the  explosions  produced  by  air  and  coal  dust, 
the  Second  Report  of  the  Royal  Commission  on  Explosions 
in  Mines,  published  in  1894,  says  : — 

“On  a general  review  of  the  evidence  on  this  point,  we 
have  no  hesitation  in  expressing  our  opinion  that  a blown  out 
shot  may,  under  certain  conditions,  set  up  a most  dangerous 
explosion  in  a mine,  even  where  fire-damp  is  not  present  at  all 
or  only  in  infinitesimal  quantities,  and  while  we  are  prepared 
to  admit  that  the  danger  of  a coal  dust  explosion  varies  greatly 
according  to  the  composition  of  the  dust,  we  are  unable  to  say 
that  any  mine  is  absolutely  safe  in  this  respect,  or  that  its 
owners  can  properly  be  absolved  from  taking  reasonable  pre- 
cautions against  a possible  explosion  from  this  cause.  But 
even  if  we  had  been  able  to  come  to  a different  conclusion, 
and  to  agree  with  the  minority  of  the  witnesses  examined,  who 
think  that  coal  dust  alone  cannot  originate  an  explosion,  we 
should  still  have  to  call  attention  to  the  serious  danger  which 
results  from  the  action  of  coal  dust  in  carrying  on  and  extend- 
ing an  explosion  which  may  originally  have  been  set  up  by  the 
ignition  of  fire-damp.” 
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From  some  interesting  experiments  conducted  by  Messrs 
Hall  & Galloway,  it  would  seem  that  the  products  of  com- 
bustion of  such  explosives  as  gunpowder  and  blasting  gelatine, 
used  in  mines,  contain  a large  quantity  of  combustible  gases, 
such  as  carbon  monoxide,  hydrogen,  and  marsh  gas ; and  the 
production  of  these  gases  in  a dusty  mine  is  highly  conducive 
to  an  explosion.  The  products  of  combustion  of  the  class  of 
explosives  such  as  roburite  and  ammonite  contain  no  gases 
capable  of  further  combustion,  and  it  would  appear  that  it  is 
this  class  of  explosives  which  should  always  be  used  in  mining 
operations. 

There  can  be  no  doubt  that  the  explosion  which  took  place 
in  1893  at  the  Camerton  Collieries,  Somersetshire,  was  caused 
by  the  ignition  of  a mixture  of  the  products  of  combustion  of  a 
gunpowder  shot,  air,  and  coal  dust,  since  no  trace  of  fire-damp 
could  be  detected  in  the  mine  before  or  after  the  explosion. 

Now  that  it  has  been  substantiated  that  colliery  explosions 
may  be  brought  about  by  the  ignition  of  coal  dust  and  air  in 
the  presence  of  small  quantities  of  marsh  gas,  or  of  the  com- 
bustible gases  resulting  from  blasting  operations  with  such 
explosives  as  gunpowder,  and  that  by  the  use  of  roburite, 
ammonite,  and  such-like  explosives  for  blasting  there  are  no 
combustible  gaseous  products  given  off,  so  that  safeness  is 
secured  on  that  score,  it  must  not  be  forgotten  that  the  pro- 
ducts of  combustion  given  off  from  ill-trimmed  safety  lamps, 
or  from  unsuitable  oils  burnt  in  them,  will  contain  notable 
quantities  of  combustible  vapours.  There  can  be  no  doubt 
that  the  regulation  of  the  quality  of  oil  supplied  for  burning  in 
miners’  safety  lamps  is  also  deserving  of  attention  (see  also  p.  259). 

A terrible  explosion,  principally  due  to  coal  dust,  took 
place  some  time  ago  on  board  the  “Eugene  Pereire”  in 
Marseilles  Harbour.  It  appears  there  was  a heavy  slip  of 
coal  in  an  open  bunker  which  raised  a dense  cloud  of  dust, 
and  on  this  coming  in  contact  with  a lamp  in  the  stoke-hole, 
there  was  an  explosion  of  great  violence,  causing  the  death  of 
one  man  and  severely  injuring  four  others. 

A singular  case  of  fire,  said  to  be  due  to  coal  dust  and 
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petroleum  vapour,  occurred  on  board  the  “ Ellida  ” while  being 
loaded  with  coal  at  Cardiff  in  September  1887.  At  about 
midnight  the  whole  of  the  vessel  was  found  to  be  in  flames. 
It  appeared  that  the  vessel  had  been  in  the  petroleum  trade 
for  some  years  between  England  and  America. 

The  owners  of  the  vessel  instituted  an  action  against  the 
shippers  to  recover  damages,  which  they  said  were  due  to  the 
carelessness  of  the  shippers’  men  in  the  use  of  lights.  It  was 
proved  that  there  had  been  a leakage  of  petroleum  from  a 
previous  cargo,  and  the  defendants  argued  that  the  fire  was 
caused  through  the  ignition  of  coal  dust  and  petroleum  vapour. 
This  was  the  view  taken  by  the  judge  (Mr  Justice  Wills),  and 
he  gave  judgment  accordingly.  Upon  the  plaintiffs  taking  the 
case  to  Court  of  Appeal,  the  judgment  was  confirmed. 


COAL  GAS  EXPLOSIONS. 

During  the  repairing  of  gas  mains  in  Bermondsey,  at  4.45 
in  the  afternoon,  a serious  explosion  took  place  consequent 
upon  the  ignition  of  escaping  gas  in  the  surrounding  air, 
resulting  in  serious  injury  to  two  passers-by,  and  considerable 
damage  to  the  surrounding  property. 

The  steamer  “ Suppwich,”  with  a cargo  of  2,000  tons  of 
coal,  called  off  Penzance,  and  reported  a serious  explosion  on 
board,  which  had  resulted  in  the  mate  being  seriously  burnt, 
and  three  other  men  injured.  It  appears  that  a seaman  went 
into  the  hold  with  a lighted  lamp,  and  the  explosion  imme- 
diately followed. 

All  coal  give  off  more  or  less  inflammable  gases— princi- 
pally marsh  gas — at  the  ordinary  temperature,  and  naked 
lights  should  not  be  taken  into  any  confined  place  where  coal 
or  other  material  is  stored,  liable  to  give  off  inflammable 
gases.  The  report  of  a committee  appointed  by  the  Admiralty 
states  that  “the  gas  which  may  be  evolved  from  coal,  under 
the  varying  conditions  in  which  it  is  stored  in  ships’  holds, 
will  form  explosive  mixtures  with  proportions  of  air  ranging 
from  6 to  16  times  the  volume  of  gas,  and  that  the  most 
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violent  explosive  mixtures  are  produced  when  the  proportions 
of  gas  represent  i volume  in  9 to  12  volumes  of  a mix- 
ture.” 

Serious  explosions  of  coal  gas,  resulting  from  leaky  mains 
in  contact  with  electric  wires,  are  becoming  of  frequent  occur- 
rence, in  the  Metropolis  and  other  large  towns;  and  unless 
some  different  system  is  devised  for  keeping  these  rival  vehicles 
of  light  apart,  we  may  expect  to  hear  of  many  more  such 
accidents,  especially  in  view  of  the  fact  that  electric  lighting 
is  developing  at  a great  rate,  and  wires  are  being  laid  in  all 
directions. 

The  damage  to  life  and  property  that  might  result  from 
these  explosions  in  our  public  thoroughfares,  can  be  best 
imagined  from  the  description  of  a few  such  catastrophes:— 

An  explosion  occurred  one  afternoon  on  Southwark  Bridge, 
when  as  many  as  five  holes  were  blown  up  in  the  roadway  over 
the  electric  mains,  resulting  from  a leakage  of  gas  from  a main. 
Two  women  and  a man  were  so  severely  injured  that  they  had 
to  be  taken  to  the  hospital,  and  several  workmen  engaged  on 
the  bridge  had  narrow  escapes  of  their  lives.  Serious  damage 
was  done  to  the  bridge. 

Shortly  after  midnight,  upon  a Saturday,  some  persons 
passing  between  Gower  Street  Station  and  Endsleigh  Gardens, 
in  the  Euston  Roid,  heard  rumbling  sounds  from  under  the 
pavement,  and  it  was  supposed  “ something  had  occurred”  on 
the  Metropolitan  Underground  Railway,  which  runs  beneath 
the  roadway.  The  rumbling  sounds  were  followed  by  a loud 
explosion.  The  pavement-stones,  from  the  corner  of  Endsleigh 
Gardens  for  some  50  to  60  yards  towards  Gower  Street  Station, 
were  thrown  up,  and  persons  passing  along  had  to  run,  to 
escape  danger,  into  the  roadway.  It  was  noticed  that  the 
explosion  took  place  at  the  chamber-box  of  the  electric  light 
connected  with  the  St  Pancras  Vestry’s  system,  and  placed 
near  the  corner  of  Endsleigh  Gardens,  for  the  lid  ot  the  box 
was  blown  completely  out  into  the  roadway  with  great  force, 
while  flashes  of  light,  as  of  gas  escaping,  came  from  the  case- 
ment. Examination  showed  that  the  accident  was  entirely  due 
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to  an  escape  of  gas  from  the  mains,  exploded  by  electric  sparks 
from  the  wires  hard  by.  Two  persons  were  injured. 

Major  Cardew,  who  held  an  inquiry  on  behalf  of  the 
Board  of  Trade  into  the  circumstances  attending  the  explosion, 
made  the  following  report : — 

“After  careful  consideration  of  the  evidence,  and  of  my  own  investiga- 
tions, I am  of  opinion  that  the  explosions  were  caused  by  the  firing  of  a 
mixture  of  coal  gas  and  air  by  an  electric  spark.  I account  for  the  presence 
of  the  coal-gas  by  leakage  from  the  mains  of  the  Gas  Light  and  Coke 
Company  at  one  or  rriore  points  in  the  vicinity  of  the  electric  light  conduits. 
The  means  provided  by  the  Vestry  for  the  immediate  escape  of  any  gas 
from  their  conduits  are,  in  my  opinion,  totally  inadequate.  The  Vestry  of 
St  Pancras  should  lose  no  time  in  removing  the  existing  causes  of  danger 
which  I have  indicated,  viz.,  the  possibility  of  an  accumulation  of  coal  gas 
in  their  conduits,  and  that  of  the  occurrence  of  an  electric  spark  at  their 
bare  conductor  mains.  This  system  of  mains  and  conduits  was  selected 
mainly  for  economical  reasons,  but  these  economical  advantages  must  not 
be  reaped  at  the  expense  of  the  safety  of  the  public  using  the  streets.  The 
Vestry  were  advised  a year  ago  to  carry  out  a system  of  efficient  ventilation. 
It  was  further  recommended  that  where  possible  two  small  chambers  should 
be  substituted  for  the  large  ones  at  present  in  use  as  street  boxes,  and  that 
the  low  insulation  of  the  negative  main  should  be  remedied.  Sufficient 
attention  has  not,  I consider,  been  paid  by  the  Vestry  to  these  recom- 
mendations. I am  of  opinion  that  the  Vestry  should  immediately  provide 
a thorough  system  of  ventilation,  or  means  for  the  immediate  escape  of  gas 
from  their  conduits  and  street  boxes,  should  reduce  the  empty  space  avail- 
able for  accumulation  of  gas  in  their  street  boxes  as  far  as  possible,  and 
should  carefully  guard  against  the  dangerous  formation  of  an  incrustation  of 
salts  on  the  insulators  of  the  negative  main  by  frequent  inspection,  and  by 
protecting  these  insulators  against  drip  from  the  condensation  of  moisture 
on  the  iron  lids  of  the  street  boxes.” 

During  a hurricane  on  12th  December  1883,  at  Clayton, 
near  Bradford,  a large  gas-holder  holding  250,000  cubic  feet  of 
gas  was  completely  blown  over.  The  escaped  gas  caught  fire 
from  the  flame  of  a lamp  hard  by,  which  resulted  in  a huge 
flame  that  brilliantly  illuminated  the  neighbourhood  for  miles 
around.  Strange  to  say  there  was  no  explosion,  owing  to  the 
fact  that  the  gas  became  ignited  before  it  had  mixed  with 
sufficient  air  necessary  to  produce  an  explosive  compound  ; 
otherwise,  the  consequence  would  have  been  serious.  Ordinary 
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coal  gas  requires  to  be  diluted  with  8 to  11  times  its  volume  of 
air  to  produce  an  explosive  mixture. 

A terrific  report  of  a gas  explosion  was  heard  in  Rope- 
maker  Street,  London,  soon  after  eight  o’clock  in  the  morning, 
the  back  part  of  the  premises  occupied  as  a boot  and  shoe  factory 
being  blown  out.  On  the  ground  floor  of  the  premises  is  the 
engine-house,  with  a gas-engine  of  30  horse-power,  and  it 
appeared  that  the  gas  supply  to  the  engine  became  over- 
heated. In  the  explosion  which  followed,  the  engine  was 
smashed  to  pieces,  the  engine-room  was  wrecked,  and  the 
windows  blown  out,  together  with  blocks  of  lasts,  stored  on 
the  floor.  Some  of  these  lasts,  weighing  2 lb.  each,  were  blown 
to  a distance  of  70  feet.  One  man  was  severely  hurt,  while 
two  other  men  in  the  engine-room  escaped  with  little  injury. 
The  damage  to  the  building  was  so  great  that  over  200  hands 
were  temporarily  thrown  out  of  employment. 

COLLODION. 

A serious  explosion  took  place  in  Paris  some  time  ago,  with 
this  substance,  on  the  premises  of  M.  Chapron.  It  appears 
a carboy  containing  collodion  (gun-cotton  dissolved  in  alcohol 
and  ether),  fell  in  the  workshop,  and  the  ethereal  vapours,  mixed 
with  air,  came  in  contact  with  a stove,  an  explosion  following, 
which  resulted  in  the  death  of  three  persons,  and  severe  injuries 
to  two  others,  shattering  the  windows  and  setting  the  place  on 
fire. 

COLOURED  FIREWORKS  COMPOSITIONS. 

A case  of  Bengal  lights  took  fire  spontaneously,  whilst 
standing  in  a L.  and  N.-W.  Railway  truck.  Fortunately  the 
fire  was  promptly  controlled,  or  the  consequences  would  have 
been  serious. 

A gentleman  travelling  on  the  Manchester,  Sheffield,  and 
Lincolnshire  Railway,  placed  a leather  bag  containing  a bottle 
of  a mixture  for  producing  Bengal  fire,  on  the  middle  seat  of  a 
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first-class  carriage.  When  the  train  was  being  pulled  up  an 
explosion  occurred,  which  resulted  in  injury  to  the  owner  of 
the  bag,  and  two  other  passengers.  The  mixture  consisted  of 
unwashed  flowers  of  sulphur  and  chlorate  of  potash,  and  there 
can  be  no  doubt  that  this  was  a clear  case  of  “ spontaneous  ” 
combustion. 

The  Home  Office  Authorities  have  frequently  drawn 
attention  to  the  risk  attending  the  storage  and  transport  of 
goods  containing  mixtures  of  this  kind. 

CORDITE. 

The  following  striking  observations  appeared  in  the  Daily 
Telegraph  anent  the  blowing  up,  on  the  24th  January  1895, 
of  the  powder  barge  “ Petrel,”  which  contained  a cargo  of  two 
and  a half  tons  of  cordite,  and  three  boat  loads  of  live  shell: — 

“A  prodigious  calamity  has  been  averted  in  the  Thames — a calamity 
which  might  have  cost  scores  of  lives  and  many  tens  of  thousands  in 
property.  There  was  a fire-ship  afloat ; a craft  deadlier  than  was  ever 
rigged  and  launched  in  the  days  of  the  Armada  or  the  Dutch  wars,  and  if 
she  had  exploded  in  Gravesend  Reach  instead  of  upon  the  lonely  edge  of 
the  Bligh  Sand — as  was  the  case— our  columns  might  be  filled  to-day  with 
melancholy  details  of  death  and  destruction.  It  was  the  powder-barge 
‘ Petrel,’  carrying  guns  and  explosives  for  the  Admiralty— such  a craft  as 
steamer-passengers  often  pass  unwittingly  upon  the  river,  unless  they 
understand  what  is  the  significance  of  the  red  flag  hoisted  at  the  mast- 
head. 

“The  ‘Petrel’  was  to  carry  a new  twelve-inch  quick-firing  gun  to 
Shoeburyness  for  trial,  calling  at  Purfleet  for  two  and  a half  tons  of  powder 
and  three  boat-loads  of  live-shell.  With  this  perilous  cargo  she  sailed  from 
Purfleet  with  a hard  wind  from  the  north-west.  In  the  Lower  Hope  the 
three  men  and  a lad  who  were  on  board  could  not  keep  her  off  the  sand. 
She  dragged  her  anchor,  and  got  hard  and  fast  aground  ; whereupon,  after 
the  fashion  of  bargemen,  the  crew,  who  would  be  well  accustomed  to  such 
harmless  shipwrecks,  ‘ went  below,  and  after  a smoke  dropped  to  sleep.  ’ 
Luckily  one  hand  kept  watch,  and  about  midnight  he  saw  smoke  issuing 
from  the  forecastle.  The  fire-ship  was  on  fire.  So  well  did  the  crew 
comprehend  what  this  might  imply  that,  bitterly  cold  as  the  night  was,  two 
of  them  jumped  overboard  at  once,  and  swam  or  waded  to  the  shore  ; but, 
finding  the  lad  was  not  with  them,  came  bravely  back  for  him,  and  took 
him  off. 
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“The  master,  by  name  Lott,  would  not  leave  his  vessel,  and  was  last 
seen,  with  his  clothes  on  fire,  leaping  from  the  bows,  near  to  the  moment 
when  an  explosion  took  place.  First,  shell  after  shell  went  off  with  the 
uproar  of  a bombardment ; and  finally  the  two  and  a half  tons  of  cordite 
fired  with  a shock  which  thundered  far  and  wide  over  the  lonely  marshes, 
blowing  the  barge  to  splinters,  and  sinking  the  brand-new  gun  in  the  ooze. 
The  three  survivors  had  to  trudge,  wet  and  half-clad,  over  the  frozen 
marshes  for  eight  miles,  until  they  found  shelter  near  Rochester. 

“The  dutiful  skipper  was  the  only  loss,  if  we  except  the  new  twelve- 
inch  gun  and  the  barge  itself.  If,  however,  this  had  happened  in  Graves- 
end Reach  instead  of  the  Lower  Iiope  ; if  the  barge  had  gone  ashore  under 
Rosherville  or  the  Terrace  Pier,  or  fouled  one  of  the  big  merchantmen  in 
the  fairway  while  on  fire,  we  might  have  had  such  a disaster  to  record  as 
would  have  been  at  least  as  destructive  as  the  explosion  on  board  a powder 
barge  in  the  Regent’s  Park  some  twenty  years  ago,  which  wrecked  an 
entire  neighbourhood.” 


CHARCOAL. 

Some  “ charcoal  blacking,”  packed  in  bags,  was  consigned 
to  the  L.  and  N.-W.  Railway  Company,  and  stored  in  a ware- 
house. The  bags  had  not  been  there  long  before  a fire  resulting 
from  spontaneous  combustion  was  discovered.  On  examina- 
tion the  substance  was  found  to  consist  of  finely  ground  char- 
coal, commonly  known  as  moulders’  black. 


CHLORATE  OF  POTASH. 

When  a truck  containing  casks  filled  with  this  substance 
was  being  conveyed  on  the  L.  and  N.-W.  Railway,  a fire  broke 
out  which  destroyed  the  truck  and  its  contents.  The  causes 
for  the  fire  may  be  as  follows  : — That  some  of  the  chlorate 
escaped  from  the  packages,  and  got  mixed  with  organic 
matters  in  the  truck,  the  friction  produced  ii\  transit  being 
sufficient  to  cause  ignition.  Or  it  may  be  that  the  chlorate 
was  mixed  with  organic  impurity,  and  the  friction  of  the 
chlorate  crystals  produced  sufficient  heat  for  ignition.  Or  it 
may  even  be  possible  that  the  friction  produced  with  the 
crystals  upon  the  inside  of  the  wooden  casks,  may  have  been 
sufficient  to  set  up  combustion. 
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While  chlorate  of  potash  in  itself  is  not  liable  to  spon- 
taneously decompose,  it  contains  such  an  abundance  of  avail- 
able oxygen,  that  mere  friction  with  combustible  materials, 
under  favourable  circumstances,  may  produce  a conflagration. 

It  should  be  conveyed  in  metallic  packages,  and  care 
taken  that  there  be  no  organic  matter  or  other  impurities 
mixed  with  the  salt. 

COMPRESSED  GASES. 

A boy  named  Fuller,  aged  fourteen,  was  commissioned  to 
take  two  steel  cylinders  of  compressed  gas, — one  containing 
oxygen  and  the  other  coal  gas,  to  the  Exchange  Station,  Brad- 
ford. While  passing  through  the  station  subway,  the  oxygen 
cylinder  fell  from  the  lad’s  shoulder  to  the  ground,  and  in- 
stantly exploded,  scattering  fragments  of  iron  in  all  directions. 
The  unfortunate  boy  was  killed  instantly  by  the  flying  metal, 
his  head  being  shattered,  and  his  body  mutilated.  The  coal 
gas  cylinder  remained  intact. 

The  pressure  of  the  gas  in  the  cylinders  was  120 
atmospheres,  and  each  of  them  would  weigh  about  25  lbs. 
The  explosion  was  undoubtedly  due  to  the  high  tensile 
strength  of  the  steel,  which  was  found  to  be  over  50  lbs.  per 
square  inch,  thus  making  it  brittle  for  the  purpose.  The  steel 
used  for  these  cylinders  should  not  have  a tensile  strength 
exceeding  32  lbs.  per  square  inch,  and  should  be  of  the  best 
quality  with  a percentage  of  carbon  not  above  0.25,  and  it 
should  be  thoroughly  annealed  after  manufacture. 

A Mr  Bewley,  shipbuilder,  of  Dublin,  lost  his  life  by  an 
explosion  of  oxygen  and  hydrogen  escaping  from  cylinders  in  a 
room  where  there  was  a lighted  gas  jet. 

A serious  explosion  of  a cylinder  containing  compressed 
hydrogen  took  place  early  in  1894,  in  First  Avenue,  Twenty- 
first  Street,  New  York.  The  system  adopted  was  to  first 
pump  up  to  a pressure  of  2,000  lbs.,  and  then  to  reduce  to 
1,800  lbs.  Thus  each  filling  operated  as  a test  of  the  cylinder. 
One  of  the  employees  was  engaged  in  filling  three  ioo-foot 
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cylinders  with  hydrogen,  when  two  of  them  exploded,  hurling 
fragments  of  metal  in  all  directions.  One  man  was  killed,  and 
two  others  were  severely  injured.  The  filling  table  was 
reduced  to  splinters,  holes  were  blown  in  the  roof,  and  much 
general  damage  done.  The  explosion  was  said  to  be  due  to 
negligence  on  the  part  of  one  of  the  workmen,  whose  duty  it 
was  to  watch  a gauge  to  see  when  the  proper  pressure  had 
been  attained,  the  pressure  probably  going  far  beyond  the 
prescribed  limits. 

A boy  who  had  been  set  to  fill  a gasholder  with  oxygen  at 
the  Royal  Naval  College,  Greenwich,  used  a holder  which 
had  contained  oil  gas.  After  filling  the  holder,  he  applied  a 
light  to  the  tubes.  An  explosion  followed,  breaking  one  of 
his  arms,  and  cutting  his  face  and  eyes. 

On  the  afternoon  of  15th  March  1895,  an  explosion  occurred 
at  Fenchurch  Street  Station,  London,  which  caused  the  death 
of  a gardener  named  Holbrook,  dhe  unfortunate  man  was 
carrying  a cylinder,  supposed  to  contain  compressed  oxygen, 
which  he  had  just  purchased,  to  his  employer’s  house  at 
Plaistow.  While  waiting  for  his  train  he  sat  upon  one  of  the 
seats  in  the  station  and  laid  the  cylinder  by  his  side.  Shortly 
after  a loud  report  was  heard,  and  the  mangled  body  of  the 
man  was  found  lying  on  the  platform  with  one  arm  completely 
blown  away.  The  cylinder,  which  had  exploded,  had  been 
rent  open  longitudinally.  At  the  inquest,  it  appeared  from 
expert  evidence  that  the  cylinder  must  have  contained  mixed 
gases, — oxygen  with  hydrogen  or  coal  gas, — and  that  it  had 
exploded  in  consequence  of  the  heat  evolved  by  spontaneous 
combustion  of  iron  filings  or  grease.  It  appeared  further 
that  the  maker  of  the  gas  had  used  an  apparatus  which  was 
adapted  for  the  compression  of  both  oxygen  and  hydrogen, 
and  it  was  conjectured  that  through  some  oversight  these  two 
gases  must  have  been  compressed  into  the  cylinder  simul- 
taneously. In  passing  a verdict  of  accidental  death,  the  jury 
recommended  that  the  compression  of  oxygen  and  hydrogen, 
or  coal  gas,  should  be  kept  quite  distinct  from  each  other  111 

all  respects. 
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CREOSOTE. 

A terrible  explosion  took  place  a few  years  ago,  in  a 
creosote  still  at  the  works  of  Messrs  Burt,  Boulton,  and  Hay- 
wood, at  Silvertown,  by  which  eleven  men  were  killed  and  two 
injured.  The  verdict  arrived  at  by  the  inquest  was  that  the 
deaths  resulted  from  the  “ accidental  explosion  of  a creosote 
still,”  such  having  been  brought  about  by  the  blocking  up  of 
the  worm  in  the  condenser  of  the  still,  and  the  consequent 
pressure  of  the  gases  thereof. 

DYNAMITE. 

On  3rd  November  1893,  the  Spanish  steamer  “Cabo 
Machichaco,”  1,213  tons  register,  belonging  to  the  Vasco 
Andulaz  Company,  arrived  at  Santander  with  a miscellaneous 
cargo  consisting  of  2,000  tons  of  iron,  1,810  cases  of  dynamite 
(about  47  tons),  many  cases  of  petroleum,  some  barrels  of  wine, 
sacks  of  flour,  and  other  merchandise.  Before  reaching  the 
quay  a fire  was  discovered,  and  contrary  to  regulations  the 
vessel  was  moored  to  it ; 30  cases  of  dynamite  were  quickly 
removed  to  a place  of  safety,  this  being  the  quantity  which  was 
said  to  be  on  board.  The  agent  upon  being  asked  if  there  was 
any  more  of  the  explosive  on  board,  replied  in  the  negative. 
The  fire  on  the  ship  rapidly  progressed,  and  in  the  meantime 
the  quay  became  crowded  with  many  hundreds  of  spectators. 
In  about  2|  hours  after  the  fire  was  discovered,  a most  appalling 
explosion  took  place,  spars,  rails,  and  all  sorts  of  fragments 
being  hurled  in  all  directions,  and  with  such  dreadful  effect, 
that  510  persons  were  killed  and  about  1,000  cases  of  injuries’ 
more  or  less  serious,  were  also  reported,  while  the  damage  done 
to  surrounding  property  was  tremendous. 

A most  formidable  explosion  took  place  in  1884,  near 
Kimberley,  Cape  of  Good  Hope.  It  appears  from  the  official 
report  of  Mr  F.  Chute,  inspector  of  machinery,  Kimberley 

WGre  exPloded  on  this  occasion,  of  dynamite 
68,280  lbs.;  potentite,  7,150  lbs.;  gunpowder,  16,746  lbs.  • 
ma  ing  a total  of  92,176  lbs.  or  46  tons,  besides  842  boxes  of 
detonators,  and  317,350  sporting  cartridges,  and  75  cases  of 

Q 
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paraffin.  The  magazines  containing  these  explosives  were  16 
in  number,  and  the  shock  was  felt  outside  a radius  of  20  miles. 
The  only  loss  of  life  was  three  natives.  The  damage  and  loss 
of  explosives  was  about  ^17,000.  1 he  cause  of  the  explosion 

could  not  be  definitely  ascertained. 

Nine  men  (of  whom  three  were  killed  and  six  injured)  were 
engaged,  some  in  cleaning  out  the  debris  and  others  in  boring 
additional  holes  in  the  sump  of  a new  pit  which  was  being  sunk 
for  the  Powell’s  Tillery  Steam  Coal  Company  Limited.  Nine 
holes  charged  with  gelatine  dynamite  had  been  fired  by  means 
of  electric  detonator  fuses  about  7^  hours  previously.  When 
three  of  the  men  were  attempting  to  remove  a loosened  stone 
from  the  bottom  by  means  of  a crow  bar,  an  explosion  occurred. 
Most  likely  an  unexploded  cartridge  remained  in  the  end  of 
one  of  the  holes,  and  on  this  being  struck  by  the  crow  bar, 


exploded. 

The  danger  to  life  and  property  resulting  from  the  convey- 
ance of  explosives  in  contravention  to  regulations  is  doubtless 
of  more  common  occurrence  than  is  generally  realised.  Some 
time  ago  the  author  had  a conversation  with  an  Irishman  who 
rejoiced  in  the  name  of  “ Dynamite  Dick,”  and  who  made  a 
living  by  travelling  about  the  country  breaking  up  “ iron  horses 
from  blast  furnaces,  and  other  massive  bodies  requiring  dis- 
integration, for  which  purpose  he  used  dynamite.  After  relating 
some  exciting  experiences  he  had  had  in  his  professional 
capacity,  upon  being  questioned  as  to  the  precautions  he  took 
for  the  conveyance  of  dynamite,  he  stated  that  he  often  came 
the  explosive  as  ordinary  luggage,  and  boasted  that  he 
had  many  times  carried  his  store  of  dynamite  packed  in  a 
portmanteau  with  the  usual  paraphernalia  of  a traveller  and  ha 
placed  it  on  the  hat  rack  of  the  railway  carnage,  although  it 
contained  sufficient  of  the  explosive  to  wreck  the  train  should 

anySub^oinedCisU  an  official  return  of  the  accidents  from  the 
thawing  of  dynamite  in  various  parts  of  the  United  Kingdom 
to  the  end  of  1893,  in  regard  to  which  reports  have  been  made 
by  H.M.’s  Inspectors  of  Explosives  : 
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For  the  avoidance  of  such  accidents  in  the  use  of  gelignite, 
gelatine  dynamite,  dynamite,  and  blasting  gelatine,  the  following 
instructions  have  been  issued  by  Nobel’s  Explosives  Company 
Limited  of  Glasgow,  who  point  out  that  cartridges  of  the  com- 
pounds just  named  become  congealed  during  cold  weather  even 
at  a temperature  so  high  as  450  F.,  and  that  this  may  occur 
without  altering  the  soft  and  plastic  outward  appearances  of  the 
cartridges. 

Directions  for  Use  of  Explosives  in  Cold  Weather. 

All  cartridges  before  blasting  should  be  heated  in  warming 
pans.  Specially  designed  warming  pans  should  alone  be  used 
for  this  purpose,  and  in  them  the  cartridges  can  be  kept  in  a 
proper  usable  condition  for  several  hours  in  the  coldest  weather. 

On  no  account  expose  cartridges  to  the  direct  heat  of  fire, 
or  place  them  on  a hot  stove  or  warm  piece  of  metal,  or  on  a 
steam  pipe.  Do  not  attempt  to  heat  them  by  these  or  any 
other  irregular  means,  or  accidents  thereby  will  inevitably  occur. 

There  should  be  no  fire,  &c.,  in  the  hut  or  apartment  in 
which  the  thawing  is  conducted. 

One  cartridge  at  a time  should  be  gently  pressed,  not  forced, 
to  the  back  of  the  bore-hole,  and  great  care  should  be  taken  to 
avoid  jamming  or  “ bunching.” 

Warming  pans,  specially  constructed,  are  supplied  by  the 
Agents  of  the  Company  at  nominal  prices. 


DETONATORS. 

1 wo  girls  in  the  employ  of  the  Nobel’s  Explosive  Company, 
at  West  Quarter,  were  engaged  in  conveying  a truck  containing 
some  semi-manufactured  detonators  and  some  detonator  com- 
position from  the  magazine  to  the  working  shed.  They  left  the 
tiuck  and  began  waltzing  together,  and  during  their  “larking” 
they  unhappily  stumbled  and  upset  the  truck,  causing  the 
explosion  of  the  whole  of  its  contents,  with  the  result  that  the 
girls  were  shattered  to  pieces. 
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ETHER. 

Dr  Averill,  a surgeon  in  North  Staffordshire,  while  in  the 
act  of  pouring  some  sulphuric  ether  into  a phial  out  of  a five- 
pint  bottle,  upset  some  of  the  liquid  near  a fireplace ; the 
ether  became  ignited,  and  a loud  explosion  followed,  the 
unfortunate  doctor  being  severely  burned,  the  house  terribly 
shaken,  and  all  the  bottles  in  the  surgery  shattered  to  fragments. 


FULMINATING  CAPS  (AMORCES). 


These  small  detonating  caps  ( see  p.  179)  used  by  children 
with  toy  pistols,  are  a fruitful  source  of  serious  accidents. 

A terrible  explosion  of  toy  fulminating  caps  took  place  in 
the  Rue  Beranger,  Paris,  in  1878.  Six  to  eight  millions  of 
these  small  caps,  done  up  in  rows  of  five  and  pasted  on  strips 
of  paper,  were  piled  up  in  a store,  in  boxes  containing  a gross 
each.  By  some  unknown  accident  one  individual  cap  was  set 
off,  and  started  the  rest,  and  in  less  than  a minute  the  house 
was  shattered  to  the  ground  by  the  violence  of  the  explosion 
which  resulted.  A stone,  a metre  cube  in  size,  was  hurled 
through  the  air  to  a distance  of  52  metres,  and  a large  portion 
of  the  adjoining  premises  was  also  wrecked.  This  explosion 
caused  the  death  of  fourteen  persons,  and  sixteen  others  were 
more  or  less  seriously  injured.  It  appears  there  were  two 
qualities  of  caps  in  the  pile,  known  as  single  and  double,  and 
having  the  following  compositions  : — 


Single. 

Potassium  chlorate  - - 12  parts. 

Amorphous  phosphorus  - 16  ,, 

Lead  oxide  - - - 12  ,, 

Resin  - - - 1 >> 


Double. 

(More  sensitive  to  friction  than 


the  single. ) 

Potassium  chlorate 

9 parts. 

Amorphous  phosphorus  - 

I » 

Antimony  sulphide 

1 „ 

Sulphur,  sublimed 

0.25  ., 

Nitre  - 

0.25  „ 

A characteristic  fatal  accident  with  amorces  took  place  at 
Vannes  some  time  ago.  It  appears  a child  was  amusing  itself 
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by  detonating  the  caps  between  the  blades  of  a pair  of  scissors. 
Two  packages  of  600  caps  each  were  lying  on  a table  close  at 
hand.  These  suddenly  exploded  and  killed  the  child,  and 
considerable  damage  was  done  to  the  apartment. 


PACKING  OF  DRUGS  AND  CHEMICALS. 

It  is  surprising  that  accidents  in  the  conveyance  of  goods  of 
this  description  are  not  of  more  frequent  occurrence.  The 
following  chemicals  are  commonly  purchased  in  small  lots,  and 
oftentimes  packed  for  transit  in  straw,  two  or  more  in  the  same 
box: — Ether,  Nitric  Acid,  Sulphuric  Acid,  Benzol,  Chlorate  of 
Potash,  &c.  Should  a box  with  such  contents  receive  a con- 
cussion sufficient  to  break  the  bottles,  an  explosion  would  ensue 
only  to  be  compared  in  intensity  to  the  bursting  of  a bomb. 
Such  chemicals  are  daily  in  transit  about  the  country  for 
doctors,  analysts,  druggists,  science  and  art  laboratories,  &c., 
in  boxes  simply  labelled  “ Acids. — This  side  up.— Glass,  with 
care.”  They  often  receive  rough  usage  from  porters,  and  some- 
times little  attention  is  paid  to  the  wording  on  the  labels. 

Nitric  and  sulphuric  acids  should  never  be  enclosed  in  the 
same  package,  or  loaded  with  other  chemicals.  Nitric  acid 
should  be  packed  in  ashes  or  sand,  or  other  material  upon 
which  the  acid  has  no  action.  Ammonia  liquid  must  not  be 
enclosed  in  the  same  package  or  loaded  with  acids,  or  with 
bromine. 


FLOUR-MILL  DUST. 

A terrible  explosion  of  flour-mill  dust  and  atmospheric  air 
took  place  recently  at  the  large  flour  mills  of  Messrs  Kohler 
Brothers,  St  Louis,  U.S.A.,  which  resulted  in  the  loss  of  several 
lives,  as  well  as  the  wrecking  of  the  premises  and  about  forty 
dwellings  in  the  immediate  neighbourhood.  It  appeared  that 
a fire  was  discovered  in  a part  of  the  mill  at  half-past  three  in 
the  morning,  and  spread  beyond  control.  When  the  fire 
leached  the  pent-up  mill  dust,  a tremendous  explosion  occurred, 
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and  in  a moment  the  immense  structure  collapsed.  The  con- 
cussion was  felt  for  miles  around,  and  two  elevators  on  the 
opposite  side  of  the  street,  containing  20,000  barrels  of  flour 
and  200,000  bushels  of  wheat,  were  ignited  by  the  flaming 
fragments  hurled  through  the  air,  and  were  burned  to  the 
ground. 

GASOLENE. 

When  air  is  passed  through  a chamber  containing  this 
highly  volatile  and  inflammable  liquid,  a considerable  quantity 
is  vaporised  or  dissolved  by  the  air,  and  this  mixture  can  be 
burnt  in  the  same  manner  as  coal-gas,  giving  a brilliant  white 
light.  There  have  been  numerous  attempts  to  devise  simple 
arrangements  for  making  this  gas  for  lighting  country  houses, 
&c.,  and  many  fatal  accidents  have  resulted  from  carelessness 
in  handling  what  is  a most  dangerous  liquid. 

On  one  occasion  a servant-girl  went  into  a cellar  with  a 
lighted  candle  where  was  one  of  these  miniature  gas-making 
machines  at  work,  and  immediately  a loud  explosion  took 
place,  resulting  in  the  death  of  the  girl  and  the  destruction  of 
the  house  by  fire.  There  was  a leakage  of  the  vapour  of 
gasolene,  which  being  mixed  with  a large  quantity  of  air 
formed  an  explosive  compound. 

GUNPOWDER. 

On  1 2th  May  1876,  at  the  factory  of  the  East  Cornwall 
Powder  Company,  Herodsfoot,  an  explosion  of  gunpowder 
took  place,  resulting  in  the  loss  of  three  lives,  accidental 
ignition  taking  place  during  the  breaking-up  of  “press  cake” 
with  a wooden  mallet,  the  friction  due  to  the  presence  of  grit 
producing  the  necessary  temperature.  Another  explosion 
occurred  in  the  same  factory  by  the  improper  use  of  a chisel 
to  remove  some  indurated  powder  cake  from  the  rolleis  of  a 
granulating  machine.  These  accidents  illustrate  that  it  is  not 
necessary  to  apply  a spark  or  flame  in  order  to  ignite  gun- 
powder, and  too  much  care  cannot  be  exercised  in  reducing 
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any  friction  to  a minimum  in  handling  gunpowder  or  other 
explosive. 

On  nth  May  1877,  at  the  factory  of  M.  Carl  Henser,  Loch- 
fyne,  while  a quantity  of  gunpowder  was  being  conveyed  in  a 
cart  it  exploded,  causing  the  death  of  the  man  and  horse.  It 
appeared  that  there  was  a hole  in  the  bottom  of  the  cart, 
through  which  some  powder  would  escape  to  the  ground,  and 
the  horse  travelling  backwards  and  forwards  on  the  same  track 
would  consequently  tread  with  his  iron  shoes  on  the  train  of 
powder.  The  friction  thus  created  was  sufficient  to  ignite  the 
powder  on  the  ground,  which  in  turn  exploded  the  powder  in 
the  cart,  either  by  its  own  force  or  by  igniting  the  train  of 
powder  passing  through  the  hole. 

A singular  explosion  is  recorded  as  occurring  in  1880  in  the 
fire-box  of  the  locomotive  of  a night  express  between  Leicester 
and  Derby,  immediately  after  the  stoker  had  fed  the  fire  with 
coal.  The  explosion,  which  was  violent  enough  to  severely 
injure  the  driver  and  stoker,  appeared  to  be  due  to  gunpowder, 
and  was  no  doubt  caused  by  a charge  of  powder  in  a piece  of 
coal  which  had  escaped  being  fired  in  the  pit  during  mining 
operations. 

A serious  explosion  of  gunpowder  took  place  on  26th  April 
1881,  in  H.M.S.  “ Doteril,”  resulting  in  the  loss  of  143  lives 
and  the  destruction  of  the  ship.  The  accident  took  place  while 
the  vessel  was  at  anchor  off  Sandy  Point,  in  the  Straits  of 
Magellan,  at  about  10  a.m.,  and  consisted  of  two  distinct 
explosions.  The  first  was  thought  to  be  an  explosion  of  gas 
emanating  from  the  bunkers,  which  in  turn  caused  an  explosion 
in  the  powder  magazine.  Another  conjecture  as  to  the  first 
explosion  was  that  it  was  produced  from  a drier  known  as 
Xerotine  Siccative,  which  is  composed  of  resinous  water  and 
highly  volatile  and  inflammable  petroleum  spirit,  and  which 
was  confined  underneath  the  paint-room. 

On  7th  June  1882,  during  a marriage  celebration  at  Bryn- 
mally,  near  Wrexham,  a cannon  overcharged  with  gunpowder 
was  fired,  and  burst  into  several  pieces,  some  of  which  struck 
two  brothers  named  Ellis,  killing  them  on  the  spot. 
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A disastrous  explosion  took  place  at  midnight  in  a coal-mine 
at  Sturgis,  in  Kentucky,  when  five  kegs  of  blasting  powder 
exploded  with  terrible  effect,  five  miners  being  killed  and  many 
injured.  The  mine  was  caved  in. 

During  some  blasting  operations  at  the  Canada  Docks 
Extension  Works,  Liverpool,  one  of  the  cartridges  used  missed 
fire.  Two  labourers,  named  Caughay  and  Patrick  Connolly, 
went  forward  to  examine  the  unexploded  charge,  which  unex- 
pectedly exploded,  killing  them  both  on  the  spot. 

During  a thunderstorm  in  July  1893,  a powder-house  at 
Buffalo,  U.S.A.,  which  contained  fifty  kegs  of  blasting  powder, 
was  struck  by  lightning  and  exploded,  the  building  being 
shattered  to  atoms.  Fences,  rails,  stones,  and  bricks  were 
scattered  for  half-a-mile,  seriously  damaging  neighbouring 
tenements.  The  telephone  system  was  disabled  throughout 
the  city,  and  the  electric  lights  were  extinguished. 

Some  time  ago,  as  two  men  were  shooting  with  a rifle  in 
Indiana,  a stray  bullet  entered  the  powder-house  of  Messrs 
Schaeffer  & Schaeffer.  An  explosion  quickly  ensued,  which 
blew  both  men  to  pieces  ; houses  were  wrecked  in  the  vicinity, 
and  several  persons  injured. 

INDIARUBBER  SOLUTION. 

A can  of  rubber  solution  was  stored  in  the  hold  of  one  of 
the  L.  and  N.-W.  Railway  Company’s  steamers,  having  no 
better  covering  than  a piece  of  canvas,  tied  by  a string  at  the 
top,  which  allowed  vapour  of  benzol  or  naphtha — the  solvent 
usually  used  for  rubber  — to  escape.  The  result  was  the 
breaking  out  of  a fire  which,  fortunately,  was  extinguished 
before  any  serious  damage  was  done. 

A serious  fire,  which  took  place  on  13th  October  1890, 
on  the  premises  of  a firm  of  hat  and  helmet  makers,  Clothfair, 
London,  and  resulted  in  the  loss  of  eight  lives,  had  its  origin 
in  carelessness  in  the  manipulation  of  indiarubber  solution. 
It  appears  that  some  of  the  substance  was  being  tested  on  a 
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stove  near  a lighted  gas  jet,  when  the  naphtha  vapour,  emanating 
from  the  solution,  took  fire.  This  was  the  beginning  of  a most 
serious  conflagration.  The  premises  being  unlicensed,  the 
firm  were  prosecuted  for  contravention  of  the  Petroleum  Act, 
and  fined  ,£30.  A fine  of  £20  was  also  imposed  for  the 
unlicensed  storage  of  naphtha  on  another  portion  of  the 
premises.  The  coroner’s  jury,  in  bringing  in  a verdict  of 
accidental  death,  found  also  that  the  firm  were  deserving  of 
severe  censure  for  the  dangerous  manner  in  which  their  busi- 
ness was  conducted. 


LAMP  ACCIDENTS. 

The  following  instances  are  selected  from  a vast  number  of 
serious  and  fatal  accidents  which  have  occurred  with  petroleum, 
benzoline,  or  paraffin  lamps  : — 

A Mrs  Turner,  of  Peckham,  was  sitting  reading  by  the 
light  of  a penny  oil  lamp,  which  by  some  means  got  upset,  and 
the  oil  running  out,  became  inflamed,  and  set  fire  to  the 
unfortunate  woman’s  clothing,  which  resulted  in  her  death. 

Firemen  were  summoned  to  39  Cadogan  Street,  Chelsea, 
at  two  o’clock  in  the  morning,  owing  to  a serious  fire  which 
was  produced  by  the  upsetting  of  a benzoline  lamp.  Mrs 
Annie  Colson  was  so  injured  that  she  died  in  the  hospital 
shortly  afterwards.  The  contents  of  one  room  were  completely 
burnt. 

A woman  was  carrying  a lighted  paraffin  lamp  in  a draughty 
passage,  the  lamp  exploded,  and  in  the  resulting  fire,  the  unfor- 
tunate woman  was  burnt  to  death. 

A young  girl  in  Bermondsey  was  reaching  something  from 
a mantelpiece  when  her  arm  caught  a lighted  lamp  and 
knocked  it  over.  Her  clothes  immediately  ignited,  and  she 
was  burnt  so  severely  that  she  died  in  Guy’s  Hospital  from  the 
effects. 

A woman,  after  reading  in  bed  with  a light  from  a paraffin 
lamp,  turned  the  wick  down  in  order  to  extinguish  it,  the 
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wick  slipped  into  the  reservoir  of  oil,  and  the  lamp  exploded, 
and  the  resulting  fire  burned  the  unfortunate  woman  to  death. 

Sarah  Ann  Calvert,  aged  thirty-five,  the  wife  of  a dustman 
in  the  employ  of  St  Luke’s  Vestry,  died  at  St  Bartholomew’s 
Hospital  from  severe  burns.  When  going  to  bed,  the  unfor- 
tunate woman  blew  down  the  chimney  of  a common  paraffin 
lamp,  which  caused  an  immediate  explosion.  The  glass 
reservoir  burst  in  all  directions,  Mrs  Calvert’s  night-clothes 
were  saturated  with  the  oil  and  set  on  fire,  and  she  died  from 
the  injuries  received. 

A young  lady,  Miss  Holderness,  of  Marlborough  Place, 
Brighton,  before  retiring  to  rest  one  night,  blew  down  the 
chimney  of  a lighted  lamp  in  order  to  extinguish  it.  An 
explosion  took  place,  the  resulting  flaming  oil  set  fire  to  her 
clothes,  and  she  was  burnt  to  death. 

A woman  at  Salford  was  going  upstairs  at  night  with  a 
lighted  paraffin  lamp  when  she  fell  backwards.  The  lamp  was 
smashed,  and  the  resulting  conflagration  burned  her  to  death. 

A man  in  Birmingham,  whilst  under  the  influence  of  drink, 
caused  the  death  of  his  wife  by  throwing  a lighted  petroleum 
lamp  at  her. 

At  Fulham  a woman  endeavoured  to  make  a fire  burn  by 
pouring  oil  upon  it  from  a petroleum  lamp.  The  oil  imme- 
diately flared  up,  breaking  the  reservoir  of  the  lamp,  and 
setting  her  on  fire.  She  was  so  severely  burnt  that  she  died 
soon  afterwards. 

A lighted  lamp  which  a woman  was  carrying  downstairs 
at  Clayton-le-Moors  suddenly  exploded,  and  in  the  fire  thus 
caused,  the  woman  was  burnt  to  death. 

At  Sheffield,  a lamp  standing  on  a small  table  suddenly 
exploded,  though  not  touched  by  any  one,  and  the  burning  oil 
thrown  upon  the  clothing  of  a woman  and  her  child,  caused 
the  death  of  the  latter. 

At  Bangor,  a woman  attempted  to  extinguish  a lighted  lamp 
by  blowing  down  the  chimney.  An  explosion  resulted,  and 
she  died  from  burns. 

A lamp  left  burning  in  a house  in  Elton’s  Yard,  Salford, 
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exploded,  and  the  burning  oil  caused  the  death  of  three 
children. 

At  Burnley,  during  a quarrel  between  three  women,  one  of 
them  picked  up  a lighted  oil  lamp  and  threw  it  at  the  other 
two,  causing  their  deaths. 

A man  died  at  the  London  Hospital  from  burns  received 
by  the  explosion  of  an  oil  lamp  at  a house  in  Bethnal  Green. 
Before  his  death,  the  man  stated  that  he  was  moving  a lamp 
from  a table  when  it  exploded,  and  set  him  on  fire. 

At  Eastbourne,  a young  woman  was  reading  in  bed  by  the 
aid  of  a lighted  lamp  which  she  held  in  her  hand,  when  she 
fell  asleep,  and  dropping  the  lamp,  was  burnt  to  death. 

At  Kilburn  a woman,  whilst  carrying  a lighted  lamp,  was 
seized  with  a fit  of  coughing  which  caused  her  to  drop  the 
lamp.  The  oil  from  the  broken  reservoir  took  fire,  and  she 
was  burnt  to  death. 

During  a quarrel  in  a house  at  Bristol,  a young  man  threw 
a lighted  lamp  at  a neighbour,  and  afterwards  falling  over  it 
himself,  set  his  own  clothing  on  fire,  and  died  in  great" agony. 

At  Ipswich,  a servant  girl  attempted  to  fill  a metal  oil  stove 
while  it  was  alight,  while  the  oil  in  the  can  she  was  holding 

suddenly  took  fire  and  enveloped  her  in  flames.  She  died  the 
same  day. 

At  Aston,  a woman  turned  the  wick  of  a lighted  lamp  down 
low  and  blew  down  the  chimney.  An  explosion  followed,  and 
the  woman  was  burnt  to  death. 


An  old  lady,  aged  seventy-three  years,  was  burnt  to  death 
at  Muston,  Leicester,  in  December  1893,  by  the  upsetting  of  a 
paraffin  lamp. 

Two  lives  were  lost  at  Clerkenwell  on  9th  December  180, 
by  the  upsetting  of  a paraffin  lamp.  At  the  inquest  on  the 
bodies,  the  coroner  urged  the  use  of  metal  in  place  of  glass 
reservoirs  for  lamps  burning  highly  inflammable  oil. 

During  the  year  1894  there  were  3,061  fires  in  London 
resulting  in  the  loss  of  82  lives;  337  of  these  fires  were  pro- 
duced by  the  upsetting  of  mineral-oil  lamps,  and  90  from  the 
exploding  of  mineral-oil  lamps.  Of  the  82  deaths,  no  less 
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than  32  were  caused  through  these  lamp  accidents.  Under 
these  circumstances,  it  is  not  surprising  that  the  question  of 
the  supply  of  safe  mineral  oils  and  lamps  for  the  people  is  at 
present  engaging  the  serious  consideration  of  the  Government 
departments,  petroleum  experts,  and  traders. 

Many  experts  are  of  opinion  that  the  minimum  flash  point 
— viz.,  73°  F.,  as  stipulated  in  the  Amended  Petroleum  Act  of 
£879 — is  too  low,  and  that  100°  F.  would  be  the  safe  figure  to 
adopt  with  the  Abel  flash  point  apparatus ; while  others  are 
of  opinion  that  it  is  the  lamps  that  are  at  fault.  No  doubt 
much  can  be  said  on  both  sides,  but  there  is  no  necessity  (in 
the  writer’s  opinion)  to  fix  the  minimum  flash  point  so  high  as 
100°  F.,  especially  in  consideration  of  the  fact  that  the  majority 
of  lamp  accidents  are  caused  by  them  being  knocked  down 
and  broken,  or  upset.  No  doubt  many  of  the  lamp  explosions 
might  be  traced  to  the  sale  of  oils  in  contravention  to  the 
provisions  of  the  Petroleum  Act ; and  in  all  cases  of  lamp 
explosions,  a similar  sample  of  oil  to  that  used  in  such  lamps 
should  be  obtained  if  possible,  and  tested,  and  the  name  of 
the  trader  who  sold  the  oil  ascertained. 

There  can  be  no  question  that  an  oil  flashing  at  100  F. 
would  be  safer  to  store  and  manipulate  than  one  flashing  at 
730  F.,  but  the  writer  is  of  opinion  that  if  the  minimum  flash 
point  were  fixed  at  85°  F.,  and  metal  lamps  of  approved  con- 
struction universally  used,  with  properly  fitting  wicks,  lamp 
accidents  would  be  reduced  to  a minimum,— provided,  how- 
ever, that  strict  observance  of  the  provisions  of  the  Petroleum 
Act  were  insisted  upon. 

A recent  experience  of  the  writer’s  strongly  enforced  the 
lesson  of  the  greater  safety  of  metal  lamps.  One  evening  a 
maid-servant,  who  was  laying  the  table  for  dinner,  accidentally 
hit  with  a carving-knife  the  glass  reservoir  of  a lighted  lamp 
which  was  standing  on  the  table.  The  glass  on  one  side  of 
the  reservoir  being  smashed,  the  whole  of  the  oil  was  let  out 
on  the  table.  The  lamp,  however,  continued  alight,  and 
before  one  could  realise  the  situation  the  girl  very  courageously 
rushed  to  the  lamp,  and  blew  down  the  chimney,  lo  our 
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surprise  and  satisfaction  the  light  was  safely  extinguished, 
it  appearing  from  subsequent  examination  that  the  oil  in  the 
lamp  was  kerosene  of  high  flash  point.  Had  it  been  oil  flash- 
ing at  73°  F.,  with  the  temperature  of  the  room  up  to  68°  F., 
the  consequences  would  doubtless  have  been  serious. 

The  writer’s  attention  has  recently  been  called  to  the 
question  of  the  quality  of  the  oil  supplied  for  colliers’  safety- 
lamps,  and  he  may  here  set  out  an  article  communicated  by 
him  to  the  Colliery  Guardian: — 

“The  writer  recently  had  occasion  to  examine  a number  of  samples  of 
burning  colzi  oil  proposed  to  be  used  in  miners’  safety-lamps  at  some 
important  collieries.  Now,  burning  colza  oil  is  ostensibly  a mixture  of  pure 
colza  or  rape  oil  with  a light  mineral  oil,  preferably  kerosene  of  high  flash 
point,  in  such  proportions  as  is  suitable  to  the  kind  of  lamp  and  wick  used. 
The  principal  object  of  the  addition  of  the  hydro-carbon  oil  is  to  reduce 
the  viscosity  of  the  colza,  thereby  increasing  the  capillary  action  of  the 
wick,  pure  colza  being  generally  too  viscous  for  the  purpose.  Out  of  about 
a dozen  samples  of  oils  examined,  the  amount  of  mineral  oil  varied  from  5 
to  60  per  cent.  This  is  very  irregular,  not  to  say  dangerous,  especially  in 
cases  where  the  lowest  tender  is  accepted.  One  sample  had  a flash  point 
as  low  as  114°  F.  It  will  thus  be  seen  that  the  term  ‘burning  colza  oil’ 
is  a very  ambiguous  one  ; and  in  asking  for  quotations  it  is  desirable  that 
colliery  owners  should  qualify  it,  stating  the  quality  and  proportion  of 
mineral  oil  necessary  to  be  mixed,  or  perhaps  a better  plan  would  be  to 
order  pure  colza  or  rape  oil,  and  have  it  mixed  with  the  requisite  quantity 
of  approved  mineral  oil  at  the  colliery.  The  proportion  of  mineral  oil 
must  depend  upon  the  kind  of  lamp  and  wick  used,  and  local  considera- 
tions must  also  be  taken  into  account,  such  as  temperature  of  the  mine, 
&c-  For  instance,  the  writer  made  a mixture  of  80  per  cent,  of  pure  rape 
oil  with  20  per  cent,  of  kerosene,  specific  gravity  .825.  A quantity  of  the 
mixture  was  sent  to  two  collieries,  one  of  which  was  damp  and  well- 
ventilated,  and  the  other  a dry,  dusty,  and  fiery  mine.  The  overman  of  the 
damp  mine  stated  the  mixture  to  be  excellent,  while  the  dusty  mine  over- 
man reported  the  oil  to  be  unsuitable,  causing  a smoking  flame.  In  each 
case  a Howat’s  patent  safety-lamp  was  used,  and  similar  quality  of  wick. 
Too  much  care  cannot  be  exercised  in  selecting  safe  oils  for  colliers’  lamps' 
and  while  it  is  not  intended  to  give  alarmist  views  on  the  subject,  the 
writer  has  practical  reasons  for  believing,  that  it  is  not  improbable  that  one 
o the  causes  of  the  too  frequent  explosions  may  be  due  to  the  indifference 
displayed  as  to  the  nature  and  quality  of  the  oils  sent  to  the  mines.” 
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Construction  of  Petroleum  Lamps. — The  following 
are  the  instructions  issued  by  the  London  County  Council  as 
to  the  construction  and  management  of  ordinary  mineral-oil 
lamps  : — 

(A.)  Lamps. 

(i.)  That  portion  of  the  wick  which  is  in  the  oil  reservoir 
should  be  enclosed  in  a tube  of  thin  sheet-metal,  open  at  the 
bottom,  or  in  a cylinder  of  fine  wire-gauze,  such  as  is  used  in 
miners’  safety-lamps  (28  meshes  to  the  inch). 

(2.)  The  oil  reservoir  should  be  of  metal  rather  than  china 
or  glass. 

(3.)  The  oil  reservoir  should  have  no  feeding-place  or  open- 
ing, other  than  the  opening  into  which  the  upper  part  of  the 
lamp  is  screwed. 

(4.)  Every  lamp  should  have  a proper  extinguishing  appa- 
ratus. 

(5.)  Every  lamp  should  have  a broad  and  heavy  base. 

(B.)  Wicks. 

(1.)  Should  be  soft,  and  not  tightly  plaited. 

(2.)  Should  be  dried  at  the  fire  before  being  put  into  lamps. 

(3.)  Should  be  only  just  long  enough  to  reach  the  bottom 
of  the  oil  reservoir. 

(4.)  Should  be  so  wide  that  they  quite  fill  the  wick-holder 
without  having  to  be  squeezed  into  it. 


(C.)  Management. 

(1.)  The  reservoir  should  be  quite  filled  with  oil  every  time 
before  using  the  lamp. 

(2.)  The  lamp  should  be  kept  thoroughly  clean.  All  oil 
should  be  carefully  wiped  off,  and  all  charred  wick  and  dirt  be 
removed,  before  lighting. 

(3.)  When  the  lamp  is  lit,  the  wick  should  be  first  turned 

down,  and  then  slowly  raised. 

(4.)  Lamps  which  have  no  extinguishing  apparatus  should 
be  put  out  as  follows The  wick  should  be  turned  down  until 
there  is  only  a small  flickering  flame,  and  a sharp  puff  of  breath 
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should  then  be  sent  across  the  top  of  the  chimney,  but  not 
down  it. 

(5*)  Cans  or  bottles  used  for  oil  should  be  free  from  water 
and  dirt,  and  should  be  kept  thoroughly  closed. 


LIME  OR  QUICKLIME. 


Owing  to  the  intense  heat  developed  when  water  comes  in 
contact  with  lime,  many  accidents  have  resulted  from  its 
careless  storage. 

Milk  of  lime,  or  lime-wash,  is  used  to  paint  the  inside  of 
cattle  vans,  the  wash  being  prepared  by  “slaking”  the  lime 
with  water,  and  diluting  to  the  desired  consistency.  A singular 
accident  which  came  under  the  writer’s  observation  took  place 
upon  an  English  railway.  It  appeared  that  a cattle-van  had 
been  white-washed,  and  that  the  lime  used  had  not  been 
properly  slaked,  lumps  of  unslaked  lime  being  distributed  over 
the  bottom  of  the  van.  The  van  was  used  to  convey  some 
pigs  to  London,  and  when  they  arrived  it  was  found  that  some 
of  them  were  severely  burnt,  consequent  upon  the  heat 
developed  by  the  action  of  their  liquid  excrement  upon  the 
unslaked  pieces  of  lime.  Damages  were  claimed  by  the 
owners  of  the  animals. 


A cartload  of  lime,  exposed  to  the  air,  was  being  conveyed 
to  the  scene  of  some  building  operations,  and  was  caught  in  a 
siowen  1 he  heat  developed  during  the  consequent  slaking 
was  sufficient  to  set  the  cart  on  fire.  Numerous  instances  of 
nres  under  the  like  circumstances  are  reported. 

A fire  was  caused  on  board  the  steamer  “Leerdam  ” bv  the 

packed' td  Slakmg  °f  Hme  'n  a barrel  in  which  eggs  were 


During  a gale  in  Mobile  Bay,  in  September  i860,  the 

chTh  T , y Were  “sprayed”  int0  various  parts  of  the 

hy  y,.  le  Wlnd’  and  found  an  entrance  into  warehouses 

suffiH  I?  WaS  St0red-  The  slakinS  of  the  lime  caused 

a ou Tc  ? ,fa,t  ' great  condagrat*on,  which  consumed 

joout  500,000  dollars  worth  of  property. 
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Seventeen  fires  are  reported  as  caused  in  London  in  1894 
through  the  slaking  of  lime  in  contact  with  combustible  bodies, 
eight  of  these  fires  being  caused  by  slaking  with  rain. 


MATCHES. 

A remarkable  accident  resulted  near  Bournemouth  from 
carrying  a box  of  safety-matches  and  potash  lozenges  in  the 
same  pocket.  A Mr  1 lddell,  of  Winton,  placed  a box  of 
matches  in  the  pocket  where  he  usually  carried  lozenges  for  the 
relief  of  asthma.  A series  of  small  explosions  resulted,  setting 
fire  to  the  unfortunate  man’s  clothes,  and  severely  burning 
his  legs.  The  cause  of  the  accident  was  doubtless  due  to  the 
action  of  the  chlorate  of  potash  upon  the  amorphous  phosphorus 
which  is  a constituent  of  the  igniting  surface  on  safety-match 
boxes. 

The  igniting  surface  of  safety-match  boxes  is  usually  made 
up  of  to  parts  of  amorphous  phosphorus,  8 of  oxide  of 
manganese  or  antimony  sulphide,  and  3 to  6 of  glue. 

A steamer  was  recently  loaded  at  Hamburg  with  a number 
of  cases  of  safety-matches,  and  upon  arrival  at  her  port  of 
destination  it  was  found  that  some  of  them  had  been  on  fire, 
the  woodwork  of  one  being  charred  inside.  The  vessel  had  a 
considerable  quantity  of  gunpowder  on  board,  but  fortunately 
the  fire  must  have  been  extinguished  by  the  products  of  com- 1 
bustion  in  the  confined  space,  otherwise  the  consequences 
would  have  been  serious. 

Some  years  ago  a serious  fire  occurred  in  Spital  Street, 
London,  as  the  result  of  a stone  being  thrown  from  the  street  I 
into  a chandler’s  shop  coming  into  contact  with  a parcel  of| 
lucifers,  knocking  it  to  the  floor.  The  matches  ignited,  and  ■ 
started  a conflagration  which  speedily  destroyed  the  premises. 

On  one  occasion  a fire  was  caused  by  a current  of  air  from 
an  open  window  blowing  a match  case  from  a table  to  the 
floor,  when  the  friction  produced  caused  ignition.  I 

A number  of  serious  and  fatal  fires  have  been  traced  to  j 
children  playing  with  matches,  and  many  cases  of  poisoning 
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through  sucking  them.  Putting  a hot  tobacco  pipe  in  the  same 
pocket  with  a box  of  matches  is  a very  frequent  source  of  fire 
upon  the  person,  often  resulting  in  severe  burns. 

No  less  than  98  fires  were  reported  in  London  in  1S94  as 
caused  by  the  ignition  of  matches ; 86  of  them  resulted  from 
children  playing  with  these  useful  but  dangerous  articles. 

During  the  investigation  of  the  origin  of  a serious  fire  in 
Cannon  Street,  London,  some  years  since,  which  was  believed 
to  have  arisen  from  the  spontaneous  ignition  of  matches,  the 
late  Dr  Letheby’s  opinion  was  requisitioned.  In  his  examina- 
tion he  said  : — “ I am  professor  of  chemistry  at  the  London 
hospital.  I procured  samples  of  the  different  kinds  of  lucifer 
matches  sold  at  the  defendant’s  warehouse.  I now  produce 
some,  but  not  the  whole , as  some  of  them  sponta?ieously  ignited 
as  they  lay  on  my  laboratory  table.  I have  analysed  the 
chemical  materials  of  which  they  are  composed,  and  find  them 
to  be  chiefly  phosphorus  and  chlorate  of  potash,  glue,  and  red 
oxide  of  iron.  I have  made  experiments  for  the  purpose  of 
ascertaining  the  conditions  under  which  they  will  probably 
ignite,  and  find  that  the  phosphorus,  itself  one  of  the  chief 
constituents,  takes  fire  spontaneously  when  in  a fine  powder 
and  exposed  to  the  air.  The  temperature  of  this  or  any  other 
room  is  sufficient  to  fire  phosphorus  spontaneously  when  in  a 
powdered  state,  and  it  may  be  in  a powdered  state  on  the 
surface  of  the  lucifers.  [The  witness  here  put  a small  quantity 
of  phosphorus  on  a sheet  of  paper,  and  in  the  course  of  a few 
minutes  it  ignited.]  When  I put  this  liquor  on  a piece  of 
paper  it  evaporated,  and  there  was  left  a fine  powder  which 
ignited  spontaneously.  I then  made  another  experiment  with 
the  lucifers.  I exposed  them  to  a temperature  of  140°,  and 
found  that  they  then  fired.  Such  a temperature  is  very  likely 
to  exist  in  a window  in  summer  time  unless  the  atmosphere  is 
excluded,  and  then  it  requires  a higher  temperature,  namely 
that  of  220°  F.  Slight  friction  will  also  set  lucifers  on  fire; 
for  example,  the  shaking  of  a parcel  containing  them,  or  the 
box  being  knocked  down  by  rats  or  other  cause.” 
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METHYLATED  SPIRITS. 

At  one  of  the  principal  towns  in  Lancashire  an  empty 
methylated  spirit  cask  was  being  delivered  by  a railway  van, 
when  the  vanboy,  contrary  to  regulations,  began  to  smoke. 
He  was  at  the  time  sitting  on  an  empty  cask,  and  when  about 
to  throw  away  his  match,  the  open  bunghole  of  the  cask  caught 
his  eye,  and  on  the  impulse  of  the  moment  he  slipped  the 
match  into  the  bunghole.  The  result  was  an  explosion,  in 
which  the  boy,  much  to  his  surprise,  was  lifted  into  the  air  and 
hurled  over  the  side  of  the  van  on  to  the  pavement,  sustaining 
serious  injuries. 

Empty  casks  originally  containing  highly  inflammable 
and  volatile  liquids  should  be  completely  drained  before  being 
returned,  and  the  bunghole  securely  plugged.  No  light  should 
be  taken  into  a confined  shed  or  warehouse  where  a number 
of  barrels  are  stored  from  which  inflammable  vapours  may 
emanate.  A mixture  of  inflammable  vapour  and  air  is  highly 
explosive. 

A game  of  snapdragon  was  being  played  by  a number  of 
boys  at  the  Royal  Surrey  County  Hospital,  Guildford,  one 
Christmas  night,  when  one  of  the  entertainers  threw  a quantity 
of  methylated  spirit  on  the  dish.  The  resulting  flames  caught 
several  of  the  party  and  set  their  clothes  on  fire,  and  one  boy 
ultimately  died  from  the  injuries  he  received. 

NAPHTHA. 

Three  labourers  were  kindling  a fire  in  a railway  hut  at  the 
terminus  of  the  Caledonian  Railway,  Glasgow.  One  of  them 
lifted  a gallon-jar  of  naphtha,  and  poured  some  of  the  contents 
on  the  fire,  causing  an  explosion.  The  burning  liquid  was 
scattered  all  over  the  men,  injuring  them  terribly. 

At  a London  goods  station,  upon  a can  of  naphtha  in  a 
truck  being  found  to  be  leaking,  a porter  entered  the  truck 
with  a lighted  lamp,  when  the  naphtha  took  fire,  but  was 
extinguished  before  serious  damage  was  done. 
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A man  in  Birmingham  poured  some  naphtha  down  a kitchen 
flue  to  clear  it.  An  explosion  naturally  occurred,  which  resulted 
in  the  death  of  the  man. 

A serious  explosion  occurred  in  buildings  used  as  naphtha 
stores  at  Riga,  in  September  1S93.  The  buildings  and  con- 
tents were  much  damaged,  and  all  the  windows  in  the  vicinity 
shattered.  When  the  firemen  entered  the  building  with  lighted 
torches,  a second  explosion  was  produced,  causing  serious 
injury  to  fifteen  persons. 

James  Hoyle,  of  Radcliffe,  placed  a light  near  the  bunghole 
of  an  empty  cask  that  had  contained  “finisher’s  softening.” 
An  explosion  ensued,  which  threw  the  unfortunate  man  violently 
against  some  machinery  hard  by.  His  skull  was  fractured,  and 
he  died  from  the  effects  of  the  injuries.  It  appeared  that  the 
barrel  had  contained  naphtha  prior  to  the  “softening.” 

A serious  explosion  of  naphtha-vapour  and  air  took  place 
in  some  sewers  at  Rochester,  New  York.  It  appears  that  a 
quantity  of  naphtha— stated  about  15,000  gallons— found  its 
way  into  the  sewers  through  carelessly  laid  piping.  By  some 
means  the  vapour  exploded.  Four  men  were  killed  and  twenty 
wounded,  and  four  large  mills  were  set  on  fire,  and  the  whole 
sewer  system  of  the  city  was  more  or  less  injured. 

NITRIC  ACID  (Aqua  Fortis). 

Whilst  a train  was  passing  through  a station  a truck  was 
observed  to  be  on  fire.  The  train  was  stopped,  and  the  truck, 
which  proved  to  be  loaded  with  carboys  of  nitric  acid,  was  put 
off,  and  the  fire  extinguished.  The  contents  were  destroyed, 
and  the  truck  considerably  damaged.  No  doubt  one  of  the 
carboys  had  leaked,  and  the  action  of  acid  upon  the  wood 
resulted  in  the  development  of  sufficient  heat  to  start  ignition. 

An  explosion,  accompanied  with  a fire,  resulted  from  the 
breakage  of  bottles  containing  nitric  and  sulphuric  acid  packed 
m sawdust  in  a wooden  box.  'Here  the  heat  which  was 
developed,  consequent  upon  the  dehydration  of  the  nitric  acid 
and  sawdust,  together  with  the  production  of  nitro-cellulose, 
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set  up  conditions  highly  favourable  to  serious  explosion.  Acids, 
as  already  remarked,  should  be  packed  separately,  and  not  in 
sawdust  or  other  inflammable  material,  but  in  sand  or  ashes. 


NITRO-GLYCERINE. 

In  July  1894,  the  three  brothers  Van  Buren  went  to  their 
magazine,  near  Semple’s  station,  on  the  Pittsburg  and  Western 
Railway,  to  get  a load  of  nitro-glycerine  for  the  purpose  of 
“shooting”  an  oil  well.  They  were  engaged  in  loading  a 
waggon  with  the  nitro-glycerine,  when  by  some  means  it 
exploded.  One  of  the  brothers  was  blown  to  atoms,  only  a 
part  of  one  leg  being  found.  Three  horses  attached  to  the 
waggon  were  also  blown  to  fragments,  while  only  a few  pieces 
of  the  waggon  remained.  The  other  brothers,  though  near  by, 
escaped  injury. 


NITROUS  OXIDE  (Laughing  Gas). 

A young  girl  went  to  a dentist  to  have  her  teeth  attended 
to,  and  was  placed  under  the  anaesthetic  influence  of  the  gas, 
and  while  recovering  from  its  effects  she  had  a fatal  attack  of 
syncope.  It  appears  the  girl  was  a victim  to  that  harbinger  of 
death — tight-lacing,  and  it  is  very  probable  that  this  may  have 
had  something  to  do  with  the  fatality.  Freedom  in  breathing 
is  absolutely  necessary  while  a patient  is  under  the  influence  of 
an  anaesthetic,  and  women  who  “ tight  lace  ” should  not  “ take 
gas  ” or  any  other  anaesthetic. 

Two  men  were  shooting  rubbish  on  to  a new  road  in  the 
course  of  formation  at  Notting  Dale,  and  came  across  an  iron 
bottle  which  contained  nitrous  oxide  gas.  Seeing  that  there 
was  brass  about  it  they  thought  they  would  melt  it  off,  and 
forthwith  put  it  on  a fire  while  they  were  having  breakfast. 
The  intense  pressure  produced  by  the  expansion  of  the  gas 
soon  exploded  the  bottle,  and  severely  injured  the  two  men. 
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OILY  WASTE. 

Some  time  ago  the  writer  was  commissioned  to  inquire  into 
the  cause  of  a fire  which  took  place  in  the  tender  of  a loco- 
motive. It  appeared  that  the  tender,  contrary  to  regulations, 
had  contained  coal  while  being  retained  in  a shed  for  repairs. 
A watchman  going  his  rounds  on  a Sunday  morning  found  the 
coal  in  the  tender  in  flames.  These  were  speedily  extinguished, 
otherwise  the  consequences  might  have  been  serious.  1 here 
was  no  apparent  cause  for  the  fire,  no  spark  or  flame  of  any 
kind  having  been  observed  near  the  tender.  On  examination 
of  the  residue  of  coal  in  the  tender  on  the  morning  following 
the  fire,  masses  of  half-consumed  oily  waste  were  discovered 
intermingled  with  the  coal,  and  there  can  be  no  doubt  that  the 
fire  originated  from  the  spontaneous  combustion  of  the  oily 
waste  which  some  careless  cleaners  had  thrown  into  the  tender. 

No  doubt  many  serious  fires,  the  origin  of  which  cannot 
be  traced,  have  been  due  to  carelessness  or  ignorance  in  the 
disposal  of  dirty  and  oily  combustible  fabrics  of  various  kinds. 

Some  years  ago  the  chair  factory  of  Long  Bros.,  of  Louis- 
ville, Kentucky,  was  burnt  to  the  ground,  through  the  spon- 
taneous ignition  of  some  oily  rags.  There  had  been  no  fire  in 
the  building  on  the  day  of  the  conflagration,  it  being  Sunday. 
The  fire  was  discovered  at  midnight  in  the  paint-room,  and  it 
appeared  that  the  boys  employed  in  that  room  were  in  the 
habit  of  throwing  oily  rags  into  a barrel  kept  for  the  purpose, 
and  usually  dumped  into  a brick  receptacle,  for  use  in  starting 
fires  under  boilers.  The  precaution  had  not  been  taken  on  this 
occasion,  but  the  rags  had  been  thrown  about  the  shop,  and 
hence  the  fire. 

In  an  English  factory  a quantity  of  oily  fabrics  and  mill 
sweepings  were  piled  in  a corner  of  a wooden  shed  in  the 
course  of  the  evening,  and  by  the  morning  a fire  was  discovered 
which  burned  the  shed  to  the  ground.  No  lights  or  fire  was 
hard  by ; the  fire  evidently  originated  from  spontaneous  com- 
bustion of  the  oily  waste. 

The  conflagration  which  destroyed  a building  known  as 
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Swarthmore  College,  was  (according  to  the  Chemical  Review  of 
October  1883)  at  first  supposed  to  have  originated  in  the 
laboratory , but  there  is  good  reason  to  believe  that  it  broke  out 
in  an  unused  loft,  where  workmen  who  oiled  the  balusters,  &c., 
had  carelessly  thrown  their  waste  rags. 

In  1883  a serious  fire  broke  out  at  the  stores  of  the  Dublin 
Custom-House,  which  involved  a loss  of  property  amounting  to 
,£300,000.  1 he  cause  of  the  conflagration  was  shrouded  in 

mystery,  and  a reward  of  ,£1,000  was  offered  by  the  Govern- 
ment for  information  as  to  how  the  fire  originated,  but  no  clue 
could  be  obtained.  An  inquiry  was  then  held,  and  it  was 
ascertained  that  at  the  time  of  the  fire  the  store  contained  a 
number  of  bales  of  carded  Leghorn  rags,  some  of  which  had 
been  used  by  porters  to  wipe  their  oily  hands,  thirty-six  bales 
of  cotton  wick,  and  a large  quantity  of  tallow,  palm-oil,  wool, 
cotton,  and  hemp.  It  was  held  that  with  these  materials  stored 
together  there  was  ample  cause  for  the  fire  to  have  originated 
Irom  spontaneous  combustion.  In  the  writer’s  opinion,  a ware- 
house containing  such  a collection  would  Ire  one  of  the  most 
hazardous  risks  an  insurance  company  could  be  associated  with. 

PEROXIDE  OF  SODIUM. 

An  explosion  which  resulted  in  a fire  took  place  in  March 
1893  at  the  Midland  Railway  London  Goods  Depot  in  White- 
cross  Street.  It  originated  in  a wooden  box  containing  per- 
oxide of  sodium  packed  in  tin  cases.  The  fire  was  extinguished 
before  any  serious  damage  was  done.  An  inquiry,  however, 
was  instituted  by  the  Home  Office  as  to  the  cause  of  the  explo- 
sion and  the  nature  of  the  peroxide,  with  a view  to  the  issue  of 
regulations  for  safe  packing  and  storage.  In  the  result  of  the 
inquiry,  it  appeared  that  some  of  the  tins  must  have  been  faulty, 
and  that  some  of  the  peroxide  had  leaked  into  the  wooden  box, 
which  was  most  likely  damp.  These  circumstances  would  be 
sufficient  to  account  for  an  explosion  followed  by  ignition. 

For  the  properties  of  peroxide  of  sodium,  see  page  19  : and 
for  mode  of  packing,  page  308. 
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PETROLEUM. 


(See  also  under  Lamp  Accidents.) 


A firm  had  a considerable  quantity  of  petroleum  stored  on 
the  railway  company’s  premises,  where  it  was  pumped  into 
the  firm’s  road  tank  waggons.  During  such  an  operation  a 
considerable  quantity  of  the  oil  is  sometimes  spilled,  and  on 
one  occasion  the  spilled  oil  took  fire,  with  the  result  that  a 
considerable  amount  of  property  belonging  to  the  firm  and  to 
the  railway  company  was  destroyed. 

In  June  1892,  the  vessel  “Petrolea,”  laden  in  bulk  with 
crude  petroleum,  blew  up  on  the  river  Gironde,  about  twenty- 
eight  miles  below  Bordeaux,  with  the  result  of  the  loss  of  sixteen 
lives  and  three  serious  injuries.  The  cause  of  the  calamity 
could  not  be  discovered. 

In  November  1891,  the  steamer  “Lux,”  containing  a bulk 
cargo  of  refined  petroleum,  was  completely  destroyed  by  fire, 
and  out  of  twenty-six  persons  on  board  twenty  lives  were  lost. 
The  origin  of  the  conflagration  was  traced  to  the  ignition  of 
some  of  the  petroleum  which  had  leaked  in  or  about  the  stoke- 
hole. The  vessel  was  stated  to  be  defectively  designed. 

Some  empty  petroleum  barrels  having  been  placed  outside 
a goods  shed  alongside  a railway  siding,  a passing  locomotive 
emitted  some  live  sparks,  which  found  their  way  into  the  casks 
through  the  uncovered  bungholes,  and  a fire  resulted  which 
burned  down  the  shed. 


Many  serious  conflagrations  have  resulted  from  sparks  from 
locomotives  alighting  upon  combustible  bodies,  such  as  hay- 
ricks, and  many  an  American  forest  has  been  consumed  by  fire 
from  the  same  cause.  This  danger  is  now  considerably  mini- 
mised by  the  employment  of  “spark  arresters”  upon  the 
engines. 

According  to  a newspaper  paragraph  issued  by  the  Central 
News,  the  American  liner  “ Kenilworth  ” landed  at  Liverpool 
eight  of  the  crew  of  the  oil-tank  steamer  “ Alleghany,”  of  Shields 
which,  when  laden  with  petroleum,  had  been  sunk  by  colliding 
with  the  Belgian  vessel  “ Caucus.”  The  crew  of  the  “ Alle- 
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ghany  ” made  for  the  rigging  before  the  vessel  foundered,  and  as 
she  went  down  the  head  light  exploded,  causing  the  petroleum, 
which  was  rushing  out  of  the  tank  into  the  sea,  to  become 
alight,  and  there  was  a sea  of  fire  of  terrible  grandeur.  The 
crew,  numbering  thirty,  fortunately  got  away.  ♦ 

Early  in  1893  a most  serious  explosion  from  petroleum, 
followed  by  fire,  took  place  at  Alton  Junction,  on  the  Cleveland, 
Cincinnati,  Columbus,  and  St  Louis  Railway,  in  which  twenty- 
one  persons  lost  their  lives  and  forty-seven  were  seriously 
injured,  while  the  damage  to  freight  and  rolling  stock  was 
estimated  at  1,000,000  dollars.  It  appears  that  while  an  express 
train  was  travelling  at  the  rate  of  forty  miles  an  hour,  it  ran  into 
a siding,  upon  which  a goods  train,  to  which  two  oil-tank  cars 
were  attached,  was  standing.  The  tanks  burst  and  the  oil 
became  ignited,  and  a series  of  explosions  was  produced  from 
the  vapour  and  air.  The  burning  missiles  were  scattered  in  all 
directions,  setting  fire  to  the  stockyard  enclosure.  Crowds  of 
people  rushed  forward  to  try  and  prevent  the  flames  from 
spreading  to  the  stockyards,  when  a second  terrific  explosion 
occurred  which  shot  fully  35,000  gallons  of  blazing  oil  up  into 
the  air,  with  terrible  destructive  effects. 

While  a dance  was  being  held  in  the  large  room  at  a village 
inn  in  Deutch-Pereg,  in  February  1893,  some  children  went  into 
the  cellar  underneath — in  which  was  stored  a barrel  of  petroleum  ■ 

with  a lighted  candle.  The  petroleum  caught  fire,  and  the 

vapour  produced  eventually  exploded  with  terrific  violence. 
Seventeen  persons  were  killed,  and  twenty-two  more  or  less 
seriously  injured. 

A very  serious  disaster  occurred  in  Jersey  City,  U.S.,  which 
was  caused  by  one  of  the  large  tanks  owned  by  the  Standard 
Oil  Company  being  struck  by  lightning,  and  the  contents  being 
ignited  ; the  tank  burst  with  violence,  and  the  blazing  liquid  was  : 
scattered  in  all  directions,  setting  fire  to  other  tanks.  Eighteen  < 
tanks  of  crude  oil  and  two  of  naphtha,  each  averaging  10,000 
barrels,  were  destroyed. 
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POISONOUS  GASES. 

In  a case  where  a woman  and  her  two  children  were  found 
dead  in  bed  at  Sunderland,  the  evidence  produced  at  the 
inquest  appeared  to  demonstrate  that  the  flap  of  a register 
stove  in  the  bedroom  had  fallen  down,  and  that  the  slow  com- 
bustion of  the  coal  in  the  ill-ventilated  room  evolved  noxious 
gases,  the  breathing  of  which  caused  asphyxia,  and  the  death  of 
the  unfortunate  family. 

Two  women  of  Tredegar  retired  to  sleep  one  night  in  a 
room  in  which  they  had  placed  a bucket  of  live  coals  for 
warmth.  The  apartment,  however,  had  no  ventilation,  and  the 
poisoqous  gases  emanating  from  the  fire  proved  sufficient  to 
cause  the  deaths  of  the  two  occupants  of  the  room. 

During  service  one  Sunday  morning  at  the  Parish  Church 
of  Hucclecote,  near  Gloucester,  a girl  screamed  and  fainted. 
A few  minutes  after  her  sister  also  fainted,  and  several  ladies 
followed  suit  one  by  one.  The  church,  it  appeared,  was 
heated  by  coke  stoves,  and  ill  ventilated,  and  the  breathing  of 
the  products  of  combustion  (carbonic  oxide  and  carbonic  acid, 
&c.)  was  responsible  for  the  occurrence. 


POTASSIUM  NITRATE  (Saltpetre  Nitrate). 

An  explosion,  which  proved  rather  destructive  to  life  and 
property,  occurred  in  New  York  on  the  19th  July  1S45,  'n 
which  saltpetre  was  the  acting  agent  and  probable  cause.  It 
happened  in  the  store  of  Messrs  Crocker  & Warren,  seven 
floors  in  height,  in  which  were  stored  1,000,000  lbs.  weight  of 
merchandise,  of  which  347,207  lbs.  were  saltpetre  contained  in 
double  gunny  bags,  each  containing  180  lbs.  in  piles  alternating 
with  various  combustible  goods.  The  first  indication  of  the 
disaster  was  a series  of  detonations,  which  gradually  increased 
in  intensity,  and  culminated  in  a tremendous  explosion,  which 
resulted  in  the  complete  wreckage  of  the  premises  and  a number 
of  neighbouring  buildings  ; 230  houses  and  stores,  containing 
merchandise  valued  at  2,000,000  dollars,  being  destroyed.  The 
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whole  of  the  space  where  the  explosion  and  fire  occurred 
was  filled  with  a huge  flame,  and  burning  fragments  of  various 
material  were  hurled  in  all  directions  with  volcanic  energy, 
starting  other  fires.  Some  of  the  flaming  missiles  reached  the 
Hudson  River,  a quarter  of  a mile  off,  and  endangered  the 
shipping  there. 

Some  years  ago,  the  ship  “ Virginia,”  containing  a cargo 
of  saltpetre  and  linseed,  was  blown  up.  The  report  of  the 
captain  stated  : — “ In  about  ten  minutes  from  the  time  the 
fire  was  discovered  the  after-hatch  blew  off,  and  at  the  same 
time  the  fire  forced  itself  through  the  ship’s  side  on  the  star- 
board quarter,  a short  distance  from  the  water-line.  In  about 
ten  minutes  from  this  time,  the  boats  having  been  got  out,  the 
crew,  feeling  the  deck  rising,  jumped  into  the  sea,  and  suc- 
ceeded in  getting  into  the  boats,  cut  the  painters,  and  shoved  off. 
Almost  at  the  same  time  an  awful  explosion  took  place,  the 
fire  rising  to  the  height  of  200  feet  from  the  main  and  after 
hatches,  and,  a few  seconds  afterwards,  from  the  fore  hatch. 
At  the  same  time  the  main  and  mizen  masts  went  by  the  board. 
Five  minutes  from  this  time  the  ship  disappeared,  with  all  her 
cargo.  In  twenty-five  to  thirty  minutes  from  the  time  the  fire 
was  discovered  no  trace  of  the  ship  was  visible.” 

The  lesson  to  be  learnt  from  these  disastrous  explosions  is, 
that  all  substances  such  as  nitre,  chlorate  of  potash,  sodium 
peroxide,  &c.,  which  contain  a large  percentage  of  available 
oxygen,  should  not  be  stored  near  or  in  contact  with  combustible 
bodies,  especially  if  subjected  to  friction.  For  although  not 
themselves  explosive,  they  part  with  oxygen  very  readily  if 
heated,  or  on  friction  with  a combustible  body.  The  danger 
is  increased  if  they  are  in  contact  with  baggage  containing 
any  oily  matter,  or  other  bodies  liable  to  spontaneous  com- 
bustion. 

SHELL. 

A sergeant-instructor  of  the  1st  Lanark  Artillery  Volunteers, 
who  was  preparing  for  practice,  was  in  the  act  of  fixing  a fuse 
into  a 40-pounder  shell  by  driving  it  with  blows  on  the  head, 
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which  contained  a detonating  arrangement,  when  the  shell 
suddenly  exploded,  killing  two  officers  and  injuring  six  men. 


THROW-DOWN  CRACKERS. 

Some  years  ago,  what  might  have  been  a serious  explosion 
occurred  in  a van  at  the  Great  W estern  Railway  terminus  at 
Paddington.  It  appears  that  a deal  box,  which  had  been 
consigned  as  “stationery,”  in  reality  contained  throw-down 
crackers,  which  are  compounded  of  grit  and  fulminate  of  silver 
twisted  up  tightly  in  pieces  of  paper.  While  the  carman  was 
removing  the  box  from  the  van  it  exploded,  and  was  shattered 
to  atoms,  throwing  the  man  a considerable  distance,  and  putting 
out  all  the  gas  in  the  place.  The  consignors  were  rightly 
prosecuted  by  the  company,  and  convicted. 

TURPENTINE. 

A series  of  explosions,  resulting  in  a serious  fire,  took  place 
ln  Liverpool  some  years  ago  in  a large  fireproof  warehouse 
containing  hundreds  of  barrels  of  turpentine,  large  stocks  of 
cotton  goods,  &c.  It  appears  one  of  the  men  employed  upon 
the  premises,  in  snuffing  a tallow  candle  with  his  fingers,  threw 
the  piece  of  fiery  wick  into  the  open  bunghole  of  a sample 
barrel  of  turpentine.  This  started  a fire,  and  the  vapours  of 
turpentine  and  air  exploded  and  wrecked  the  premises. 


PICRIC  ACID. 

A fatal  accident  occurred  with  this  substance  at  the  works 
of  Messrs  Henry  Glover,  Sons,  & Co.  Limited,  in  1887.  It 
appeared  that  some  picric  acid  had  been  supplied  to  the  firm 
at  the  request  of  a former  foreman,  for  use  in  colouring  soap’ 
and  that  when  the  foreman  left  on  12th  March  1886  a small 
quantity  remaining  was  placed  in  a barrel  with  some  old 
sweepings.  It  remained  there  until  the  24th  August  1887, 

s ’ 
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when  the  barrel  was  found  amongst  some  lumber.  In  order 
to  get  rid  of  the  refuse  which  the  barrel  contained,  the  smell  of 
which  had  then  become  offensive,  one  of  the  men  began  to 
shovel  it  on  to  a boiler  fire,  when  suddenly  there  was  a slight 
explosion,  which  fired  the  remainder  of  the  rubbish  in  the 
barrel.  The  man  was  severely  burnt,  and  eventually  died 
from  the  injuries  received. 

VARNISH. 

Some  Welsh  flannel  was  stored  in  a warehouse  in  contact 
with  leaky  cans  containing  varnish.  The  flannel  became 
soaked  with  the  varnish,  and  owing  to  the  rapid  oxidation  of 
the  latter,  consequent  upon  the.  large  area  exposed  to  the  air, 
in  the  pores  of  the  flannel,  the  heat  given  out  was  sufficient  to 
cause  ignition,  and  serious  damage  was  done. 

“SPONTANEOUS”  COMBUSTION  OF  WOOD. 

Under  certain  conditions  there  can  be  no  doubt  that  wood 
—especially  wood  of  a resinous  nature,  such  as  pitch  pine- 
can  be  rendered  inflammable  without  necessarily  coming  in 
actual  contact  with  flame. 

The  narrator  remembers  an  instance  of  the  wooden  lagging 
that  encircles  locomotive  boilers  being  found  charred,  and  to 
burst  into  flame  on  the  outer  covering  of  iron  plates  being 
removed.  The  temperature  of  the  wood  nearest  the  boiler 
would  probably  never  get  beyond  300°  F.,  while  the  igniting 
point  of  the  wood  is  from  600“  to  800“  F. ; that  temperature 
could  only  have  been  attained  by  oxidation,  which  of  course  is 
considerably  enhanced  by  the  wood  being  almost  surrounded 
in  a bath  of  hot  air. 

There  are  numerous  instances  on  record  where  fires  have 
originated  through  wood  being  in  contact  with  high-pressure 
hot-water  pipes,  in  which  the  temperature  is  much  higher  than 

2 j 2°  F., the  boiling  point  of  water  at  ordinary  pressure, 

—although  it  is  doubtful  whether  wood  at  a temperature  of 
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2120  F.  would  spontaneously  ignite  in  air.  Fine  wood  smokes 
at  250°  F. 

The  cause  of  the  ignition  of  wood  and  other  combustible 
matter  in  contact  with  high-pressure  steam-pipes  is  easily 
explained.  Assume  a high-pressure  steam-pipe  to  be  boxed  in 
with  wood.  The  wood  soon  becomes  very  dry,  and  the 
surface  nearest  the  pipes  gradually  becomes  parched,  and 
carbonised  through  superficial  destructive  distillation.  As 
time  goes  on,  the  inner  surface  becomes  converted  into  a 
porous  charcoal,  and  gets  saturated  more  or  less  with  oleaginous 
products  brought  about  by  the  destructive  distillation  of  the 
internal  portions  of  the  wood.  Here  then  we  have  a super- 
ficial layer  of  porous  charcoal  containing  oily  matter  in  a bath 
of  very  hot  air, — conditions  which  certainly  appear  highly 
conducive  to  spontaneous  combustion. 

A glass  bottle  of  spherical  shape,  filled  with  distilled  water, 
was  placed  upon  a pine-wood  table  on  a bright  summer’s  day, 
and  without  any  apparent  cause  the  table  was  suddenly  ablaze. 
Ignition  it  was  found  was  caused  by  the  sun’s  rays  becoming 
concentrated  upon  the  portion  of  the  table  upon  which  the 
bottle  was  standing,  the  bottle  acting  as  a lens. 

XYLONITE  (Celluloid). 

During  the  cementation  of  some  sheet  xylonite  at  the 
Homerton  works  of  the  British  Xylonite  Company,  a fire  took 
place,  resulting  in  the  death  of  a man  and  considerable 
structural  damage. 

Xylonite  is  produced  from  tissue  paper,  by  treating  it  with 
sulphuric  and  nitric  acids,  and  converting  the  resulting  nitro- 
cellulose into  a pulp  which  is  afterwards  mixed  with  camphor 
and  spirits  of  wine,  worked  into  a dough,  pressed  into  blocks, 
and  cut  into  sheets.  The  fire  originated  during  the  cementa- 
tion of  some  sheets  in  a steam-jacketed  iron  press,  which 
through  some  defect  in  the  machinery  allowed  a portion  of  the 
lot  xylonite  to  become  exposed  to  the  air.  Inflammable 
vapours  were  quickly  given  off,  and  coming  into  contact  with  a 
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lighted  gas  jet  hard  by  caught  fire,  with  a dull  explosion.  The 
premises  were  considerably  damaged  by  fire,  and  a man  lost 
his  life,  being  overcome  by  the  fumes.  The  quantity  of 
xylonite  upon  the  premises  at  the  time  of  the  disaster 
amounted  to  four  or  five  cwt.,  all  of  which  was  consumed  by 
the  fire,  and  it  is  instructive  to  note  that  even  this  large 
quantity  did  not  produce  any  further  explosion,  but  burned 
rapidly  away. 

A singular  accident  with  celluloid  occurred  in  Paris  some 
time  ago.  A little  girl  who  wore  a celluloid  comb  in  her  hair 
sat  before  the  fire  reading  in  a bending  posture,  her  head 
facing  the  fire,  when  suddenly  the  comb  took  fire  and  severely 
burned  her  head.  The  burning  point  of  celluloid  is  180  F., 
and  this  temperature  would  soon  be  attained  near  a fire. 

A terrible  explosion  occurred  a few  years  ago  at  Arlington, 
New  Jersey,  in  a factory  where  piano-keys,  knife  and  umbrella 
handles  were  manufactured  from  celluloid,  d hree  factory 
buildings  were  completely  wrecked  and  set  on  fire,  two 
persons  were  killed  and  many  injured,  and  the  damage  done 
was  estimated  at  over  ^10,000.  I he  cause  of  the  explosion 
was  not  definitely  ascertained,  but  it  no  doubt  arose  from  the 
ignition  by  a spark  or  flame  of  the  inflammable  vapour  pro- 
duced in  manufacturing  celluloid  mixed  with  air. 

Although  celluloid,  xylonite,  and  similar  bodies  made  from 
nitro-cellulose  and  camphor,  are  not  of  an  explosive  nature  at 
an  “ ordinary  ” temperature,  they  detonate  when  struck  at  a 
temperature  of  x6o°  to  180°  F. ; and  in  consideration  of  the 
low  temperature  at  which  ignition  takes  place,  the  rapid  . 
manner  in  which  the  material  burns  when  once  ignited,  together 
with  the  dangerous  materials  used  in  its  production,  its  manu- 
facture  should  not  be  tolerated  in  any  populous  neighbour-  ? 
hood,  but  should  be  carried  on  in  isolated  districts  only. 
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A Summary  of  the  various  causes  of  fires  in  the  Metropolis 
for  1894,  issued  by  the  Fire  Brigade  Committee  of  the  London 
County  Council : — 

Airing  bedding 
Airing  linen  . 

Bleaching  jute 
Boiler,  explosion  of 
Boiler,  overheat  of 
Boiling  over  fat,  oil,  pitch 
tar,  &c. 

Bomb,  explosion  of 
Burning  rubbish  . 

Candle  . 

Candle,  curtains  or  window 
blinds  coming  in  contact 
with  ..... 

Chemicals,  explosion  of 
Chemicals,  leaking 
Children  playing  with  fire 
Children  playing  with  lucife 
Coffee  roasting 
Concussion  . 

Copper,  defect  in  . 

Copper,  overheat  of 
Electric  wires,  fusion  of 
Electric  wires,  overheat  of 
Fire,  clothes  coming  in  conta 
with  . 

Fire,  goods  coming  in  contac 
with  .... 

Fire,  spirit  upsetting  on 
Fireworks,  letting  off 
Flue  blocked  up  . 

Flue,  defect  in 
Flue,  timber  in 
Flue,  copper,  defect  in 
Flue,  furnace,  defect  in 
Flue,  furnace,  overheat  of 
Flue,  foul 
Flue,  overheat  of  . 

Flue,  adjoining,  defect  in 
Flue,  adjoining,  foul 
Flue,  adjoining,  overheat  of 
Friction 


3 

Friction  of  machinery  . 

3 

58 

Fumigating  . . . . 

5 

1 

Furnace,  overheat  of 

7 

4 

Gas  bracket,  swinging  . 

40 

8 

Gas,  escape  of 

79 

Gas,  explosion  of  . 

13 

42 

Gasfilters  at  work . 

5 

1 

Gaslight  .... 

5 

12 

Gaslighting  .... 

14 

134 

Gaslight,  curtains  or  window 

blinds  coming  in  contact  with 

38 

Gaslight,  decorations  coming 

23 

in  contact  with 

7 

1 

Gaslight,  goods  coming  in 

1 

contact  with 

20 

46 

Gaslight,  overheat  of  . 

6 

86 

Gas,  seeking  for  an  escape  of, 

1 

with  light  .... 

31 

2 

Gas  stove  .... 

5 

1 

Gas  stove,  overheat  of  . 

15 

4 

Gas  stove,  portable 

6 

1 

Hearth,  defect  in  . 

4 

2 

Hearth,  timber  under  . 

4 

Hot  ashes  .... 

88 

3 

Hot  iron 

1 

Hot  rivets  .... 

1 

1 

Intoxication  .... 

2 

1 

Kiln,  overheat  of  . 

1 

1 

Lamp,  mineral  oil . 

26 

8 

Lamp,  mineral  oil,  curtains  or 

99 

window  blinds  coming  in 

3 

contact  with 

20 

4 

Lamp,  mineral  oil,  decorations 

5 

coming  in  contact  with 

1 

5 

Lamp,  mineral  oil,  exploding 

90 

14 

Lamp,  mineral  oil,  upset 

337 

12 

Lamp,  naphtha 

2 

29 

Lamp,  spirit,  upset 

1 

8 

Lighted  taper 

8 

6 

Light  thrown  down 

276 

I 

Light  thrown  from  street 

22 
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Lime  slaked  by  rain 

8 

Stove,  overheat  of 

16 

Lime  slaking 

9 

Stove  adjoining,  overheat  of  . 

I 

Lucifers 

12 

Stove,  drying  goods,  falling  on 

1 

Mineral  oil,  upsetting  . 

I 

Stove  drying,  overheat  of 

Oven,  overheat  of. 

7 

Stove,  mineral  oil . 

14 

Plumbers  at  work  . 

8 

Stove,  mineral  oil,  exploding 

9 

Salvage,  overheat  of 

2 

Stove,  mineral  oil,  overheat  of 

2 

Smokehole,  overheat  of 

4 

Stove,  mineral  oil,  upset 

9 

Smoking  tobacco  . 

14 

Stove  pipe,  overheat  of  . 

J 

Spark  from  copper  fire  . 

4 

Stove,  portable 

2 

Spark  from  fire 

• 179 

Stove,  spirit,  exploding 

I 

Spark  from  flue 

5 

Vapour  of  spirit  coming  in 

Spark  from  flue  adjoining 

7 

contact  with  flame 

12 

Spark  from  forge  . 

2 

Arson  ..... 

I 

Spark  from  furnace 

2 

Doubtful  .... 

5 

Spark  from  locomotive  . 

. I 

Incendiarism 

2 

Spontaneous  ignition 
Steam  pipe,  overheat  of 

4 

I 

Unknown  . . . . 

863 

Stove  improperly  set 

. 21 

3,061 

A List  of  the  more 

important 

Outrages  and  Attempts,  and 

suspicious  crises  of  Discoveries  of  Explosives  (exclusiie 
of  scares),  which  have  engaged  the  attention  of  Her  Majesty  s 
Inspectors  of  Explosives  during  the  period  1881-1893 


inclusive. 

1881. 

January  14.— An  attempt  to  blow  up  the  Barracks  at  Salford 
by  dynamite.  The  injury  to  the  Barracks  was  insignificant, 
but  one  boy  was  killed  and  another  injured.  (See  Annual 
Report  of  H.M.  Inspector  of  Explosives  for  1881,  page  46.) 

March  16. — An  attempt  to  injure  the  Mansion  House, 
London,  by  a box  containing  from  15  to  20  lbs.  of  gunpowder. 
The  touchpaper  by  which  the  gunpowder  was  to  have  been  fired 
was  extinguished  by  a policeman.  (Il>ui.,  page  47-) 

May  16. — An  attempt  to  blow  up  the  Police  Barracks  at 
Liverpool  with  gunpowder  in  iron  piping.  The  damage  to  the 
building  was  inconsiderable,  and  no  one  was  hurt.  (Ibid., 
page  48.) 
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June  10. — An  attempt  to  blow  up  the  Town  Hall,  Liver- 
pool, by  an  infernal  machine,  probably  filled  with  dynamite. 
A great  number  of  windows  were  broken  and  some  iron  railings 
were  destroyed,  but  no  one  was  injured.  The  two  perpetrators 
were  captured.  (. Ibid .,  page  47.) 

June  14. — A piece  of  iron  piping  filled  with  gunpowder 
exploded  against  the  Police  Station  at  Loanhead,  near  Edin- 
burgh. Some  windows  were  broken,  but  no  other  damage  was 
effected.  ( Ibid .,  page  50.) 

June  30.  — An  importation  of  six  infernal  machines  at 
Liverpool  from  America  in  the  “Malta,”  concealed  in  barrels 
of  cement.  They  contained  lignin  dynamite,  with  a clockwork 
arrangement  for  firing  it.  (. Ibid .,  page  50.) 

July  2. — An  importation  of  four  similar  machines  at  Liver- 
pool in  the  “Bavaria.”  (Ibid.,  page  50.) 

August  15. — A large  sandboat  moored  in  the  Tay  at  Perth 
blown  up  with  dynamite.  The  perpetrator  was  convicted  and 
sentenced  to  twelve  months’  imprisonment.  (Ibid.,  page  47.) 

September  8. — An  attempt  to  produce  an  explosion  at  the 
Barracks,  Castlebar.  A canister  containing  gunpowder  was 
thrown  over  the  wall,  close  to  the  magazine.  The  lighted  fuse 
which  was  attached  fell  out,  and  no  harm  was  done.  (Ibid., 
page  47.) 


1882. 

February  18. — Boxes  fitted  up  as  infernal  machines  sent  to 
various  persons  in  Edinburgh  by  a man  who  was  afterwards 
convicted  of  the  offence  and  sentenced  to  twenty  years’  penal 
servitude.  About  eight  persons  were  injured.  (Annual  Report 
for  1882,  page  47.) 

March  26.— An  attempt  to  blow  up  Weston  House,  Galway, 
with  dynamite  in  an  iron  pot  enclosed  in  a sack.  Five  persons 
were  afterwards  convicted  of  the  outrage.  (Annual  Report  for 
1 883,  page  49.) 

March  27.  A 6-inch  shell  charged  with  explosive  thrown 
into  a house  in  Letterkenny.  The  explosion  caused  con- 
siderable damage. 
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April  2. — An  attempt  to  destroy  the  Police  Barracks  in 
Limerick  by  firing  some  dynamite  on  the  window  sill.  (Annual 
Report  for  1882,  page  47.) 

May  12. — A discovery  of  a parcel  containing  12  lbs.  to 
20  lbs.  of  gunpowder,  with  lighted  touchpaper  or  fuse  attached, 
at  the  Mansion  House,  London.  (Ibid.,  page  47.) 

1883. 

* January  20. — An  explosion  of  lignin  dynamite  at  Tradeston 
Gasworks,  Glasgow,  doing  considerable  damage.  (Annual  Re- 
port for  1883,  page  48;  Special  Report,  No.  L.,  dated  14th 
March  1883.) 

* January  21. — An  explosion  of  l’gnin  dynamite  at  Possil 
Bridge,  Glasgow.  Two  or  three  persons  passing  sustained 
slight  injury.  (Ibid.) 

* January  21. — An  explosion  of  lignin  dynamite  at  Buchanan 
Street  Station,  Glasgow,  in  a disused  goods  shed.  (Ibid.) 

March  15. — An  explosion  at  the  Local  Government  Board 
Office,  Whitehall,  causing  considerable  local  damage.  (Ibid., 
Special  Report,  No.  LI.,  dated  27th  April  1883.) 

March  15. — An  abortive  explosion  of  lignin  dynamite  out- 
side a window  at  the  Times  office.  (Ibid.) 

March  27. — Two  infernal  machines,  containing  28  lbs.  of 
lignin  dynamite  (probably  home-made),  discovered  at  Liverpool. 
(Ibid.,  page  49.)  Four  persons  were  convicted  and  sentenced 
to  penal  servitude  for  life. 

April. — The  discovery  of  a factory  of  nitro-glycerine  at 
Birmingham,  and  of  a large  amount  of  nitro-glycerine  brought 
thence  to  London.  (Annual  Report  for  1883,  page  7.)  The 
occupier  of  the  house  and  others  were  subsequently  convicted 
and  sentenced  to  penal  servitude  for  life. 

October.  — An  explosion  in  the  Metropolitan  Railway, 
between  Charing  Cross  and  Westminster,  unattended  with 


* In  connection  with  these  three  explosions,  ten  persons  were  subsC' 
quently  convicted.  (See  Annual  Report  for  1SS5.) 
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personal  or  serious  structural  injury.  ( Ibid .,  page  49  ; Special 
Report,  No.  LV.,  dated  17th  November  1883.) 

October  30. — An  explosion  on  the  Metropolitan  Railway, 
near  Praed  Street.  Three  carriages  sustained  serious  injury, 
and  about  sixty-two  persons  were  cut  by  the  broken  glass  and 
debris,  and  otherwise  injured.  {Ibid.) 

November  22. — Two  infernal  machines  discovered  in  a house 
in  Westminster,  occupied  by  a German  named  Woolf.  Two 
men  were  tried,  and  in  the  result  the  jury  disagreed  and  a nolle 
prosequi  was  entered  on  behalf  of  the  Crown.  ( Ibid .,  page  50.) 

1884. 

January  16. — The  discovery  of  some  slabs  of  Atlas  powder 
A.  (American  make)  in  Primrose  Hill  tunnel. 

February  26. — An  explosion  in  the  cloak-room  of  the 
London,  Brighton,  and  South  Coast  Railway  at  Victoria  Station 
of  Atlas  powder  A.  (American  make),  left  in  a bag  or  portman- 
teau. (Annual  Report  for  1884,  page  37;  Special  Report, 
No.  LIX.,  dated  8th  March  1884.) 

February  27. — The  discovery  of  a bag  containing  some  Atlas 
powder  A.,  with  clockwork  and  detonators  at  Charing  Cross 
Station.  {Ibid.) 

February  28.— A similar  discovery  at  Paddington  Station. 
{Ibid.) 

March  1.—  A similar  discovery  at  Ludgate  Hill  Station. 
{Ibid.) 

April  xi.— A discovery  of  three  metal  bombs  containing 
dynamite  (probably  American  make)  at  Birkenhead,  in  posses- 
sion of  a man  named  Daly,  who  was  afterwards  sentenced  to 
penal  servitude  for  life.  {Ibid.,  page  38.) 

May  30.— An  explosion  of  dynamite  at  the  Junior  Carlton 
Club,  St  James’s  Square.  About  fourteen  persons  were  injured. 

{Fid,  page  38;  Special  Report,  No.  LXIL,  dated  10th  June 
1884.) 

May  30. — An  explosion  of  dynamite  at  the  residence  of  Sir 
Watkin  Williams  Wynn,  St  James’s  Square.  {Ibid.) 
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May  30. — An  explosion  of  dynamite  in  a urinal  under  a 
room  occupied  by  some  of  the  detective  staff  in  Scotland  Yard. 

It  brought  down  a portion  of  the  building,  besides  severely 
injuring  a policeman  and  some  persons  who  were  at  an  adjacent 
public-house.  {Ibid.) 

May  30. — A discovery  of  Atlas  powder  A.,  with  fuse  and 
detonators,  in  Trafalgar  Square.  {Ibid.) 

November  28. — An  attempted  destruction  of  a house  at 
Edenburn,  near  Tralee,  occupied  by  Mr  Hussey.  The  injury, 
which  was  doubtless  accomplished  with  dynamite,  was  less 
serious  than  was  intended,  and  no  one  sustained  bodily  harm. 
{Ibid.,  Special  Report,  No.  LXVIII.,  dated  5th  December  1884.) 

December  13. — An  explosion  of  a large  charge  of  dynamite 
or  other  nitro-compound  under  London  Bridge,  fortunately 
doing  very  little  damage.  {Ibid.) 

1885.  I 

January  2. — An  explosion  in  the  Gower  Street  tunnel  of  the 
Metropolitan  Railway,  caused  by  about  2 lbs.  of  some  nitro- 
compound fired  apparently  by  a percussion  fuse.  Damage  , 
inconsiderable. 

* January  24. — An  explosion  in  the  Tower  of  London, 
caused,  beyond  all  reasonable  doubt,  by  about  5 to  8 lbs.  of 
Atlas  powder  A.  (American  make).  Three  or  four  persons  were  ' 
slightly  injured,  and  considerable  damage  was  done  to  the 
Armoury.  (Annual  Report  for  1885,  page  59.) 

* January  24. — An  explosion  of  a similar  amount  of  Atlas 
powder  A.  (American  make)  at  Westminster  Hall.  Three 
persons  were  injured  severely  and  others  slightly,  and  very 
considerable  damage  was  done  to  the  Hall  and  surroundings. 
{Ibid,  page  59.) 

* January  24. — An  explosion  in  the  House  of  Commons 
(probably  caused  by  a similar  amount  of  the  same  explosive). 

* In  connection  with  these  three  outrages,  two  men  (Burton  and 
Cunningham)  were  afterwards  convicted  and  sentenced  to  penal  servitude 
for  life. 
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No  persons  were  injured,  but  very  considerable  damage  was 
done  to  the  House  of  Parliament.  (Ibid.,  page  59.) 

February  10. — A discovery  of  dynamite  (of  American  make) 
in  a house  in  Harrow  Road,  Paddington. 

March  9. — A discovery  of  Atlas  powder  A.  in  the  roof  of  a 
sawmill  at  Bootle. 

April  23. — Explosion  of  an  infernal  machine  containing  gun- 
powder at  the  Admiralty,  Whitehall.  Mr  Swainson,  in  whose 
room  the  explosion  occurred,  sustained  severe  injuries,  and  the 
room  and  neighbouring  apartments  were  much  damaged.  (Ibid., 

PaSe  59-) 

1886. 

March  24. — Attempted  injury,  with  blasting  gelatine,  to  the 
house  of  Mr  Tyzack,  manager  of  the  South  Medomsley  Colliery, 
Durham.  (Annual  Report  for  1886,  page  41.) 

June  23. — An  attempted  injury,  by  explosion  of  dynamite, 
of  new  reservoir  in  connection  with  some  new  waterworks  at 
Callington.  (Ibid.) 

July  12. — Bottles  filled  with  gunpowder  thrown  among  the 
crowd  at  an  Orange  demonstration  at  Derry.  (Ibid.) 

September  1. — Two  attempts  to  injure  residents  by  means 
of  an  iron  pipe  charged  with  powder  and  fused.  (Ibid.) 

1887. 

January  27.— Injury  to  three  shops  at  Dudley  by  malicious 
explosion  of  gunpowder.  (Annual  Report  for  1887,  page  45.) 

January  1. — An  explosion  maliciously  effected  (by  means 
probably  of  gun-cotton  or  dynamite)  in  the  streets  of  Harlech. 
(Ibid.,  page  46.) 

February  ^.—Attempted  dynamite  outrage  at  Paradise 
House,  near  Kildysart,  County  Clare,  the  residence  of  the 
Recorder  of  Galway.  (Ibid.,  page  45). 

March  20.— Injury  to  a man  at  Walton,  near  Preston,  by 
an  infernal  machine.  (Ibid.,  page  45.) 

March  8. — Attempted  injury  by  tonite  to  canal  near  Preston. 
(Ibid.,  page  44.) 
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April  21. — Malicious  explosion  of  gunpowder  at  house  at 
Newcastle  West,  occupied  by  Mr  John  Murphy.  (lin'd., 
P^e  45-) 

May  4,  21,  and  24. — Three  outrages  with  explosives  at 
Hebburn,  Durham.  (Ibid.) 

July  27. — Attempt  to  injure  the  Police  Station  at  Llanerchy- 
medd  by  means  of  gunpowder.  (Ibid.) 

Aitgust  16. — Attempt  to  injure  railway  bridge  at  Ennis  with 
dynamite.  (Ibid.) 

October  23. — Malicious  explosion  at  the  house  of  County 
Inspector  Ridge,  Royal  Irish  Constabulary,  at  Cavan.  (Ibid., 
page  44.) 

November  20.  — Discovery  of  conspiracy  between  Callan 
and  Harkins  to  commit  an  outrage  or  outrages  by  means  of 
dynamite.  (Ibid.,  page  46.) 

December  6. — Attempt  to  injure  the  residence  of  the  High  > 
Sheriff  of  Kerry  at  Listowel.  (Ibid.,  page  45.) 

December  16. — Explosion  of  an  infernal  machine  on  the 
premises  of  a person  at  Macroom  who  had  offended  the  Land 
League.  (Ibid.) 

April  16. — Explosion  of  gunpowder  on  the  premises  of 
a Mr  William  Maddocks,  contractor,  Birkenhead,  probably 
intended  to  cause  alarm  rather  than  real  damage.  (Ibid.) 

August. — An  outrage  was  perpetrated  at  Bodvain  Rectory, 
Denbighshire,  by  exploding  some  substance  against  a window. 
(Ibid.,  page  46.) 

1888. 

February  18  and  23,  September  18,  and  December  6. — Five 
minor  outrages  or  suspicious  circumstances  suggesting  intended 
attempts  at  explosive  outrages  in  Ireland — at  Ennis,  Listowel, 
Letterkenny,  Coleraine,  and  Skibbereen.  (Annual  Report  for 
1 888,  page  44.) 

Ap7-il  29. — A small  charge  of  gunpowder  was  exploded 
close  to  a new  smallpox  hospital,  Trooper’s  Hill,  St  George, 
Gloucestershire.  (Ibid.) 
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1889. 

September  7. — Explosion  of  an  infernal  machine  in  Mr 
Smith-Barry’s  office,  near  Tipperary.  (Annual  Report  for  ] 889, 
page  41.) 

November  18. — Attempt  by  means  of  an  infernal  machine 
to  blow  up  the  police  and  bailiffs  engaged  in  carrying  out 
evictions  on  Lord  Clanricarde’s  estate  near  Woodford,  co. 
Galway.  ( Ibid .,  page  40.) 

November  28. — Attempt  to  explode  infernal  machine  at 
Rochdale  School  Board  Office.  {Ibid.,  page  41.) 

1890. 

January  27. — Explosion  of  infernal  machine  in  main  street 
of  Macroom.  (Annual  Report  for  1890,  page  41.) 

March  22. — Destruction  of  a hut  at  a railway  crossing  near 
Toome  Station,  Co.  Antrim,  by  malicious  explosion.  {Ibid.) 

July  17. — Attempt  to  do  injury  or  to  create  alarm  by  means 
of  an  infernal  machine  at  the  Falmouth  Custom  House.  {Ibid.) 

September  25. — Explosion  of  a stone  jar  filled  with  gun- 
powder on  window  sill  of  a surgery  occupied  by  Chairman  of 
Town  Commissioners,  Tipperary.  {Ibid.,  page  42.) 

October  9. — Attempted  outrage  by  means  of  blasting  powder 
on  the  premises  of  a baker  at  Templecombe.  {Ibid.) 


1891. 

January  15. — Malicious  injury  by  explosion  to  the  Daws- 
holm  Gasworks,  near  Glasgow.  (Annual  Report  for  1891, 
page  40.) 

July  3.— Personal  outrage,  by  the  explosion  of  a detonator, 
on  a woman  in  the  streets  of  Sunderland.  {Ibid.) 

October  25. — Injury  to  offices  of  National  Press  in  Dublin 
by  means  of  an  explosive  thrown  into  the  building.  {Ibid.) 

November  5.— Malicious  explosion  of  tonite  in  the  house  of 
a police  constable,  and  other  houses  at  Croscombe,  Somerset 
{Ibid.) 
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December  31. — Malicious  explosion  in  the  offices  of  the 
Chief  Secretary,  Dublin  Castle.  (Ibid.,  page  39.) 

December. — Discovery  of  a packet  of  dynamite,  with  fuse,  in 
the  Dublin  Post  Office.  (Ibid.) 

1892. 

January  29. — Explosion  of  infernal  machine  at  private 
residence  near  Bristol.  (Annual  Report  for  1892,  page  53.) 

March  24. — Conviction  of  anarchists  at  Walsall  for  being 
in  possession  of  explosives  for  unlawful  purposes,  under  Ex- 
plosive Substances  Act,  1883.  (Ibid.,  page  53.) 

April  5. — Explosion  of  infernal  machine  during  Durham 
mining  strike  at  house  at  Castle  Eden  Colliery.  (Ibid.,  page  53.) 

June  5. — Explosion  of  dynamite  or  gelatine  cartridge  in 
doorway  of  house  at  Inverkeithing.  (Ibid.,  page  54.) 

August  5.  — Explosion  of  a quantity  of  gunpowder  on 
window  sill  of  an  hotel  at  Rathkeale.  (Ibid.,  page  54.) 

August  12. — Explosion  of  a quantity  of  gunpowder  in  a 
miner’s  house  at  Low  Spennymoor.  (Ibid , page  54.) 

December  24. — Explosion  of  infernal  machine  outside  the 
Detective  Office  in  Exchange  Court.  One  detective  officer  was 
killed.  (Ibid.,  page  53.) 

i893- 

April  19. — Discovery  of  a tin  can  containing  about  10^  lbs. 
of  gunpowder,  with  an  arrangement  for  exploding  it,  on  the  line 
at  the  Newport  end  of  the  Gair  Tunnel. 

May  6. — Explosion  of  an  infernal  machine  at  the  Four 
Courts,  Dublin,  situated  on  the  north  bank  of  the  Liffey,  at 
Inns  Quay. 

July  22. — Death  of  a man  at  Broadstairs  from  the  explosion 
of  an  infernal  machine  which  had  been  sent  to  him  by  post. 

July  28. — Explosion  of  a detonator  in  a public-house  at 
Great  Bridge,  causing  serious  injury  to  three  men. 

August  27. — A cartridge,  probably  of  tonite,  was  thrown 
into  the  garden  of  a farmhouse  at  Euxton,  causing  damage  to 
windows. 
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September  17. — The  house  of  a colliery  fireman  at  Parr  was 
wrecked  by  the  explosion  of  some  explosive,  probably  roburite. 

October  1.— Explosion,  without  injury,  of  some  unknown 
substance  during  the  service  at  St  George’s  (Roman  Catholic) 
Cathedral. 

October  20. — Explosion  of  roburite  on  window  sill  of  a house 
occupied  by  a colliery  fireman  at  Broad  Oak  Road,  Parr. 

October  27.— Explosion  of  some  substance  placed  on  the 
window  sill  of  a house  occupied  by  a gamekeeper  at  Ovingham. 

November  26. — Discovery  of  a tin  box  containing  dynamite, 
with  fuse  attached,  at  Aldborough  Barracks,  Dublin. 

December  10. — An  explosion  of  a malicious  character  out- 
side the  dwelling-house  of  a gasman,  in  Cowie’s  Square,  Craig- 
neuk,  Dalziel. 


PART  III. 


SPECIAL  RAILWAY  CLASSI FICATION, 
MODE  OP  PACKING,  AND  GENERAL 
REGULATIONS  FOR  THE  CON- 
VEYANCE OF  EXPLOSIVES  AND 
OTHER  DANGEROUS  GOODS  BY 
MERCHANDISE  TRAINS. 


No  Explosives  or  other  Dangerous  Goods,  except  those 
provided  for  in  this  Special  Classification  with  conditions  of 
carriage , will  under  any  circumstances  be  accepted  for  conveyance. 


PART  III. 

RAILWAY  REGULATIONS. 


GENERAL. 

1.  The  Company  have  publicly  given  notice  that  they  are 
not  common  carriers  of  Explosives,  and  that  they  do  not 
undertake  the  carriage  of  any  Explosive,  except  on  special 
conditions  signed  by  the  sender  thereof,  or  by  the  person 
delivering  the  same  to  the  Company  for  carriage. 

2.  Senders  giving  incorrect  Consignment  Notes  or  otherwise 
attempting  to  forward  any  Explosive  or  Dangerous  Article 
under  improper  declaration  or  contrary  to  the  following 
Regulations,  will  in  every  case  be  prosecuted  by  the  Company 
to  whom  the  article  is  tendered  for  carriage. 

3.  Dangerous  Goods  will  only  be  carried  by  the  Company 
at  Owner’s  risk,  and  under  the  conditions  set  forth  in  the 
respective  Consignment  Notes  contained  in  these  Regulations, 
and  further,  as  regards  Explosives,  in  accordance  with  the  Bye- 
Laws  for  regulating  the  carriage  of  Explosives,  made  in  pur- 
suance of  the  Explosives  Act,  1875,  as  follows,  viz.  : — 


“ Bye-Laws  made  with  the  sanction  of  the  Board  of  Trade  for  the 
regulation  of  the  Loading,  Unloading,  and  Conveyance  of  Explosives 
on  the  Railways  of  the Railway  Com- 

pany, hereinafter  called  the  Company,  made  under  and  in  pursuance 
of  the  Explosives  Act,  1875,  3§  Viet.  c.  17,  and  every  other  power 
and  authority  vested  in  the  Company. 


“(<r.)  The  words  and  expressions  used  in  the  following  Bye-Laws  shall 
respectively  have  and  include  the  several  meanings  assigned  to  them  or 
defined  in  The  Explosives  Act,  1875/  and  in  the  Order  of  Her  Majesty  in 
Coundl,  dated  the  5th  of  August  1875,  made  in  pursuance  of  Section  106 
01  tne  sain  Act,  unless  the  subject  or  context  otherwise  requires. 

‘‘  (i.)  The  term  ‘ Explosive’  means  and  shall  include  and  apply  to  every 
hv  £ f b?.tance  mentioned  as,  or  defined  to  be,  an  Explosive  in  and 

Order  in' C Tu'  ^ A?’  °r  the  said  Order  in  Council,  or  any 
Order  in  Council  which  may  hereafter  be  made  in  pursuance  of  the  said  Act. 
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“ (c. ) Where,  by  any  of  these  Bye-Laws,  any  time  is  prescribed  or  allowed 
for  giving  any  notice  to  the  Company,  or  for  the  doing  of  any  act  by  the 
Company,  such  time  shall  be  computed  exclusively  of  Sunday,  Christmas 
Day,  Good  Friday,  and  any  statutory  Bank  Holiday. 


“ I.  No  carriage  containing  any  Explosive  which  the  Company  shall, 
by  any  notice  or  regulation  for  the  time  being  in  force,  notify  that  they  will 
not  receive,  forward,  or  carry,  shall  be  delivered  to  the  Company  for  con- 
veyance, or  be  brought,  sent,  or  forwarded  to  or  upon  any  Railway  of  the 
Company. 

“2.  No  person  shall  send  to  the  Company  any  consignment  of  Explosive, 
unless  he  has  given  to  the  Company  forty-eight  hours’  previous  notice  in 
writing  of  his  intention  to  send  such  consignment,  and  stating  the  true 
name,  description,  and  quantity  of  the  Explosive  proposed  to  be  conveyed, 
and  his  own  name  and  address,  and  also  the  name  and  address  of  the  pro- 
posed consignee,  and  has  had  an  intimation  in  writing  from  the  Company 
that  they  are  prepared  to  receive  such  consignment. 

“3.  Consignments  of  Explosive  shall  be  sent  to  the  Company  s for- 
warding station,  and  shall  be  received  by  their  servants,  only  at  such  times 
during  the  hours  of  daylight,  that  is  to  say,  between  sunrise  and  sunset,  as 
the  Company  may  appoint  ; and  every  consignment  and  package  containing 
any  Explosive  proposed  to  be  conveyed  on  any  railway  of  the  Company 
shall  immediately  on  the  arrival  thereof  at  the  Company’s  station,  wharf, 
or  railway,  be  delivered  to  and  received  by  the  Company’s  servants 
authorised  to  receive  dangerous  goods,  and  by  no  other  person  whatsoever. 

“4.  No  Explosive  shall  be  loaded  or  unloaded  on  the  Company’s 
premises  by  the  consignor  or  consignee  thereof  or  their  servants,  except 
between  sunrise  and  sunset. 


“ 5.  Safety  cartridges  and  percussion  caps  and  safety-fuse  (for  blasting) 
may  be  conveyed  by  passenger  train,  provided  all  due  precautions  be  taken 
by  the  sender  for  the  prevention  of  accident  by  fire  or  explosion  ; also 
railway  fog  signals  for  the  Company’s  own  use  ; but,  except  as  aforesaid, 
no  Explosive  whatever  shall  be  conveyed  by  passenger  train. 

“6.  Gunpowder,  or  any  Explosive  made  with  gunpowder,  included  in 
the  2nd  Division  of  the  6th  (Ammunition)  Class  of  Explosives,  as  classified 
by  the  said  Order  in  Council  of  the  51I1  of  August  1S75,  if  packed  in  metallic 
cylinders  of  a pattern  approved  by  the  Company,  and  similar  in  construction 
and  security  to  those  used  by  Government  for  the  conveyance  of  small 
quantities  of  gunpowder  by  railway,*  may  be  conveyed  along  with  ordinary 
goods  traffic  in  a carriage  not  containing  any  article  or  substance  liable  to 
cause  or  communicate  fire  or  explosion. 


“ 7.  No  Explosive  of  the  5th  (Fulminate)  Class,  nor  any  Explosive  of 
the  6th  (Ammunition)  Class,  containing  its  own  means  of  ignition,  nor 
anv  Explosive  of  the  7th  (Firework)  Class,  shall  be  conveyed  in  the  sa”“ 
carriage  with  any  Explosive  not  of  the  class  and  division  to  which  it  belongs, 
unless  it  be  sufficiently  separated  therefrom  to  prevent  any  fire  or  explosion 
which  may  take  place  in  one  such  Explosive  being  communicated  to  another. 


For  descriptions  of  the  Government  metallic  cylinders,  see  page  334- 
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“ 8.  There  shall  not  be  conveyed  in  the  same  carriage  with  any 
Explosive  any  Lucifer  Matches,  Fusees,  Pipe-lights,  Acids,  Naphtha, 
Paraffin  Petroleum  to  which  the  Petroleum  Act,  1871,  or  any  Act  repealing 
or  amending  the  same,  applies,  or  any  other  volatile  spirit  or  substance 
liable  to  give  off  an  inflammable  vapour  at  a temperature  below  100 
Fahrenheit,*  or  liable  to  spontaneous  ignition,  or  to  cause  or  communicate 
fire  or  explosion. 


“9.  On  each  side  of  every  carriage  containing  any  Explosive  there 
shall  be  affixed  in  conspicuous  characters,  by  means  of  a securely  attached 
label  or  otherwise,  the  word  ‘ Explosive,’  or  the  name  of  the  Explosive  with 
the  word  ‘ Explosive,’  except  when  containing  gunpowder  or  ammunition 
packed  in  metallic  cylinders  as  provided  for  in  the  6th  of  these  Bye-laws ; 
and  every  carriage  containing  Explosive  shall  be  placed  as  far  as  practicable 
from  the  engine  attached  to  the  train. 


“ 10.  Not  more  than  five  carriages  containing  Explosive  shall  be  loaded 
or  unloaded  at  or  on  any  railway  station  or  wharf  of  the  Company,  or  be 
attached  to  or  conveyed  by  any  one  train  at  any  one  time  ; and  the  quantity 
of  Explosive  to  be  contained  or  loaded  in  any  one  such  carriage  at  any 
one  time  shall  not  exceed  10,000  lbs.  in  weight,  provided  always  that  the 
quantity  of  Explosive  to  be  contained  or  loaded  in  any  one  such  carriage 
shall  not  exceed  one  ton  in  weight,  unless  the  carriage  shall  be  a covered  van. 


“ 11.  If  the  Explosive  to  be  conveyed  is  not  effectually  protected  from 
accident  by  fire  from  without,  by  being  placed  in  the  interior  of  a carriage 
which  is  enclosed  on  all  sides  with  wood  or  metal,  then  the  Explosive 
shall  be  completely  covered  with  painted  cloth,  tarpaulin,  or  other  suitable 
material  so  as  to  effectually  protect  it  against  communication  of  fire. 


“12.  There  shall  not  be  any  iron  or  steel  in  the  interior  of  the  portion 
of  the  carriage  where  the  Explosive  is  deposited,  unless  the  same  be  covered 
either  permanently  or  temporarily  with  leather,  wood,  cloth,  sheet-lead,  or 
other  suitable  material. 


“13.  When  the  stowing  of  Explosive  in  any  carriage,  or  the  loading  or 
unloading  of  any  Explosive,  is  undertaken  by  any  person  other  than  the 
Company,  all  due  precautions  shall  be  taken  by  such  person  by  careful 
stowing  and  loading  and  unloading  and  otherwise,  to  prevent  and  secure 
such  Explosive  from  being  brought  into  contact  with,  or  endangered  by, 
any  other  article  or  substance  liable  to  cause  fire  or  explosion. 

“ 14.  In  loading  or  unloading  any  Explosive,  the  casks  and  packages 
containing  the  same  shall,  as  far  as  practicable,  be  passed  from  hand  to 
hand,  and  not  rolled  upon  the  ground,  and  in  no  case  shall  any  such  casks 
or  packages  be  rolled  unless  hides,  cloths,  or  sheets  have  been  previously 
laid  down  on  the  platform  or  ground  over  which  the  same  are  to  be  rolled. 
Casks  or  packages  containing  Explosive  shall  not  be  thrown  or  dropped 
down,  but  shall  be  carefully  deposited  and  stowed. 


Note. — I!y  the  Petroleum  Act,  1879,  the  limit  of  ioo°  was  altered  to  73°  Fahrenheit, 
under  the  test  set  forth  in  Schedule  One  to  that  Act.  (For  description  of  test,  see 
page  77.) 
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DANGEROUS  GOODS. 


“ IS-  No  person  while  employed  in  loading,  stowing  in  any  carriage,  or 
unloading  any  Explosive  included  in  Classes  I,  2,  3,  4,  or  5 of  the  classi- 
fication of  Explosives,  as  classified  by  the  said  Order  in  Council,  dated 
5th  August  1875,  shall  wear  boots  or  shoes  with  steel  or  iron  nails,  steel  or 
iron  heels,  or  tips  of  any  kind,  or  have  about  his  person  any  lucifer  match, 
explosive,  or  means  of  striking  a light ; and  all  persons  employed  in  the 
loading,  stowing,  or  unloading  of  any  Explosive  shall,  while  such  loading, 
stowing,  or  unloading  are  going  on,  abstain  from  smoking. 

“16.  While  the  loading,  unloading,  or  conveyance  of  Explosive  is  going 
on,  all  persons  engaged  in  such  loading,  unloading,  or  conveyance  shall 
observe  all  due  precautions  for  the  prevention  of  accidents  by  fire  or 
explosion,  and  for  preventing  unauthorised  persons  having  access  to  the 
Explosive  so  being  loaded,  unloaded,  or  conveyed,  and  shall  abstain  from 
any  act  whatever  which  tends  to  cause  fire  or  explosion,  and  is  not  reasonably 
necessary  for  the  purpose  of  loading,  unloading,  or  conveyance  of  such 
Explosive,  or  of  any  other  article  carried  therewith,  and  for  preventing  any 
other  person  from  committing  any  such  act ; and  such  other  person  who, 
after  being  warned,  commits  any  such  act,  shall  be  deemed  to  commit  a 
breach  of  these  Bye-Laws. 

“17.  The  loading  or  unloading  of  Explosive  into  or  out  of  any  carriage, 
when  once  begun,  shall  be  proceeded  with  with  all  due  diligence  until  the 
same  is  completed. 

“18.  Packages  containing  any  Explosive  must  be  removed  by  the  con- 
signee from  the  station,  wharf,  or  dep6t  of  the  Company  to  which  they 
have  been  conveyed  as  soon  as  practicable,  and  with  all  due  diligence  after 
arrival ; and  if  not  removed  within  -twelve  hours  after  arrival  the  packages 
and  contents  may  be  forthwith  sold  by  the  Company,  or  otherwise  disposed 
of  as  they  think  fit ; and  such  packages  shall  in  the  meantime,  and  until 
such  removal,  sale,  or  disposal,  be  completely  covered  over  with  painted 
cloth,  tarpaulin,  or  other  suitable  material. 

“19.  The  Company  may  refuse  to  receive,  forward,  carry,  or  allow  to  be 
brought,  or  carried  upon  their  railway,  any  carriage  or  package  which  they 
suspect  to  be  packed  or  sent,  or  to  contain  any  article  or  thing  packed  or 
sent,  in  contravention  of  the  said  Act,  or  of  any  of  these  Bye-Laws,  or  not  in 
accordance  therewith  ; and  in  case  any  carriage  or  package  which  the  Com- 
pany suspect  to  be  so  packed  or  sent,  or  to  contain  any  such  article  or  thing 
as  aforesaid,  shall  be  upon  any  railway  of  the  Company,  the  Company  may 
open,  or  require  such  carriage  or  package  to  be  opened,  to  ascertain  the  fact. 

“20.  These  Bye-Laws  are  supplemental  to  the  Explosives  Act,  1875; 
and  in  the  event  of  any  breach  (by  any  act  or  default)  of  any  of  them,  or 
any  attempt  to  commit  such  breach,  the  following  penalties  and  consequences 
will  be  incurred  and  ensue,  that  is  to  say  : — 

“ (1.)  The  Explosive  in  respect  of  which,  or  being  in  the  carriage,  or 
train  of  carriages,  in  respect  of  which,  the  offence  is  committed, 
may,  unless  the  offence  be  committed  by  the  Company,  be 
forfeited  to  the  Company. 
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“(2.)  The  person  committing  the  offence  shall  be  liable  to  a penalty 
not  exceeding  ^20  Tor  each  offence,  and  to  a further  penalty 
ol  £\o  for  each  day  during  which  the  offence  continues  ; and 
the  owner  of  the  carriage,  or  train  of  carriages,  in  respect  of 
which,  or  containing  the  Explosives  in  respect  of  which,  the 
offence  is  committed,  the  person  in  charge  of  such  carriage, 
and  the  owner  of  such  Explosive,  shall  each  be  liable  to  a 
similar  penalty,  if  he  was  a party  or  contributed  to  such 
offence,  or  neglected  to  supply  the  proper  means,  or  to  issue 
proper  orders  for  the  observance,  or  has  not  used  due  diligence 
to  enforce  the  observance  of  these  Bye-Laws. 

“ 21.  Copies  of  these  Bye-Laws  shall  be  exhibited  in  a conspicuous  place 
at  the  Stations  on  the  Company’s  Railways,  and  may  be  obtained  on  appli- 
cation to  the  Secretary  of  the  Company. 

“22.  The  above  Bye-Laws  (with  the  exception  of  Bye-Law  No.  5)  do 
not  apply  to  small  packages  of  percussion  caps,  safety  cartridges,  or  gun- 
powder, carried  by  passengers  for  private  use  and  not  for  sale,  not  exceeding 
in  the  whole  for  one  passenger  at  any  one  time  5>000  percussion  caps  and 
1,000  safety  cartridges  in  number,  and  3 lbs.  in  weight  of  gunpowder,  pro- 
vided such  gunpowder  is  contained  in  a substantial  case,  bag,  canister,  or 
other  receptacle  made  and  closed  so  as  to  prevent  the  gunpowder  from 
escaping. 

“Notice. 

“ The  Company  hereby  give  notice  that  they  are  not  common  carriers 
of  Explosives,  and  do  not  undertake  the  carriage  of  any  Explosive  except 
on  special  conditions  signed  by  the  sender  thereof,  or  by  the  person 
delivering  the  same  to  the  Company  for  carriage.” 


TABLE  OF  PACKING  AND  CHARGES  FOR  AND  SUPPLEMENTARY  CONDITIONS  OF  CARRIAGE 

OF  EXPLOSIVES  AND  OTHER  DANGEROUS  GOODS. 

{For  the  Government  Classification  of  Explosives,  see  132.) 
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DANGEROUS  GOODS. 


COMPANIES  WHICH  DO  NOT  CARRY 
CERTAIN  DANGEROUS  GOODS  OR  CARRY 
UNDER  RESTRICTIONS. 

8.  The  following  is  a list  of  Companies  which  decline  to 
carry  certain  Dangerous  Goods,  and  of  the  articles  which  they 
so  decline  to  carry ; also  of  certain  articles  which  are  carried 
by  them  under  restrictions  : — 

Company.  Articles. 

East  London— 


Will  not  carry  Explosives  or  other  Dangerous  Goods. 

Furness— 

Will  not  carry  Rubber  Solution  and  all  other  Solutions  partly  composed 
of  Naphtha. 

Great  Eastern- 

Will  not  carry  Explosives  or  other  Dangerous  Goods  by  any  of  their 
Steamers. 


Great  Western- 

Will  not  carry  Bisulphide  of  Carbon. 

Will  not  carry  through  the  Severn  Tunnel — Gunpowder  or  other 
Explosive,  Benzoline,  Paraffin,  Petroleum,,  or  any  of  the  Liquids 
included  in  Classes  A and  B of  Inflammable  Liquids. 

Will  not  carry  Explosives  or  Dangerous  Goods,  Compressed  or  Liquefied 
Carbonic  Acid  Gas,  and  Rubber  Solution  and  all  other  Solutions 
partly  composed  of  Naphtha,  by  any  of  their  Steamers,  but  Lucifer 
Matches,  Percussion  Caps,  and  Safety  Cartridges,  when  accompanied 
with  a proper  declaration  and  properly  packed,  will  be  conveyed  at 
Owner’s  risk  on  the  deck  of  the  Company’s  Steamers  between 
Milford  and  Waterford. 


Lancashire  and  Yorkshire— 

Will  not  carry  in  or  upon  any  of  the  Joint  Steamers  between  Fleetwood 
and  Belfast — Oxygen  Gas,  Patent  Pipe  Lighters,  Compressed  or 
Liquefied  Carbonic  Acid  Gas,  Rubber  Solution  and  all  other 
Solutions  partly  composed  of  Naphtha,  or  any  explosive,  highly 
inflammable,  or  dangerous  goods  or  goods  of  a dangerous  nature, 
except  that  the  following  articles,  when  sent  in  'proper  packages,  and 
declared  at  Owner's  risk,  will  be  carried  on  the  deck  of  the  vessel, 
viz.  : — Bleaching  Liquid,  Bromine,  Creosote  in  casks,  fluoric  Acid, 
Fusees,  Fuse,  Lucifer  Matches,  Nitrate  of  Iron,  Nitric  Acid, 
Percussion  Caps,  and  Safety  Cartridges. 
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London  and  North- Western- 

Will  not  carry  in  or  upon  any  of  their  Vessels  between  Holyhead  and 
Dublin,  and  Holyhead  and  Greenore,  or  in  or  upon  any  of  the  Joint 
Steamers  between  Fleetwood  and  Belfast— Oxygen  Gas,  Patent  Pipe 
Lighters,  Compressed  or  Liquefied  Carbonic  Acid  Gas,  Rubber 
Solution  and  all  other  Solutions  partly  composed  of  Naphtha,  or  any 
explosive,  highly  inflammable,  or  dangerous  goods  or  goods  of  a 
dangerous  nature,  except  that  the  following  articles , when  sent  in 
proper  packages  and  declared  at  Owner's  risk,  will  be  carried  on  the 
deck  of  the  vessel,  viz.  : — Bleaching  Liquid,  Bromine,  Creosote  in 
casks,  Fluoric  Acid,  Fusees,  Fuse,  Lucifer  Matches,  Nitrate  of  Iron, 
Nitric  Acid,  Percussion  Caps,  and  Safety  Cartridges. 


London  and  South- Western- 

Will  not  carry  Bisulphide  of  Carbon. 

• Will  not  carry  by  any  of  their  Steamers — 

Lamp  Black, 

Vegetable  Black, 

Compressed  Oxygen  Gas,  nor 

Explosive  or  Dangerous  Goods,  except  the  following,  viz.  : — 
In  casks  or  iron  drums — 


Acetic  Acid. 

Arsenic  Acid. 

Carbolic  Acid. 

Methylated  Spirit. 

Spirit  of  Wine. 

Turpentine,  in  iron  tapers,  securely  hooped  top  and  bottom. 


Spirit  Varnish. 

Terebine  or  Sun  Dryers. 
Turpentine  Varnish. 
Turpentine. 


Noth. — The  Southampton  Harbour  Board  having  prohibited  the  landing  and 
shipping  of  Explosives  in  Classes  2,  3,  4,  and  5,  viz.,  Nitrate  Mixture,  Nitro-Com- 
pound,  Chlorate  Mixture,  and  Fulminate,  at  or  from  any  Public  Quay  or  Landing 
Place  within  their  jurisdiction,  such  Explosives  cannot  be  accepted  for  thtough 
conveyance  to  the  Isle  of  Wight,  via  Southampton,  and  must  only  be  accepted  if 
consigned  to  Southampton  ; the  owners  to  make  their  own  arrangements  for  shipment 
to  the  Island  from  some  private  wharf  under  conditions  sanctioned  by  the  Harbour 
Board.  Explosives  in  Classes  1,  6,  and  7,  viz.,  Gunpowder,  Ammunition,  and  Fire- 
works, can  still  be  loaded  or  shipped  at  the  Public  Quay  at  Southampton,  provided 
the  total  quantity  of  each  landing  or  shipment  does  not  exceed  10  cwts. 


Will  not  carry 


London,  Brighton,  and  South  Coast- 

Will  not  carry  Bisulphide  of  Carbon. 

' Explosive  or  Dangerous  Goods,  Compressed ' 
or  Liquefied  Carbonic  Acid  Gas,  or 
Rubber  Solution  and  all  other  Solutions 
partly  composed  of  Naphtha 
Lamp  Black 
^Vegetable  Black 

London,  Chatham,  and  Dover— 

Will  not  carry  Bisulphide  of  Carbon. 

'Explosive  or  Dangerous  Goods,  Compressed' 
or  Liquefied  Carbonic  Acid  Gas  or 
Rubber  Solution  and  all  other  Solutions 
partly  composed  of  Naphtha 
Lamp  Black 
^Vegetable  Black 


by  any  of 
their 

Steamers. 


Will  not  carry 


by  any  of 
their 

Steamers. 
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London,  Tilbury,  and  Southend— 

Will  not  carry  Bisulphide  of  Carbon. 

Manchester,  Sheffield,  and  Lincolnshire  - 

Will  not  carry  by  their  Steamers  any  of  the  more  dangerous  class  of 
Explosives,  such  as  Non-Safety  Cartridges,  Gunpowder,  Roburite, 
Amberite,  Oxygen  Gas,  Patent  Pipe  Lighters,  Potentite,  or  any 
highly  inflammable  or  dangerous  Solutions.  The  following  articles, 
when  sent  in  proper  packages,  and  declared  at  Owner’s  risk,  will  be 
carried  on  the  deck  of  the  Steamers,  viz.,  Safely  Cartridges,  Percussion 
Caps,  Matches,  Acids,  Detonators,  Turpentine,  and  Mineral  Oils 
which  do  not  give  off  an  inflammable  vapour  at  a temperature  of  less 
than  73°  Fahrenheit. 

Metropolitan- 

Decline  to  carry  all  Explosives,  and  also  Mineral  Oils  giving  off  an 
inflammable  vapour  at  less  than  73°  Fahrenheit,  when  tested  in  the 
manner  set  forth  in  the  Petroleum  Act,  1879. 


North  London— 

Decline  to  carry  all  Explosives. 

South  Eastern- 

Will  not  carry  Bisulphide  of  Carbon. 

'Explosive  or  Dangerous  Goods, Compressed 
or  Liquefied  Carbonic  Acid  Gas,  or 
Rubber  Solution  and  all  other  Solutions 
partly  composed  of  Naphtha 
Lamp  Black 
^Vegetable  Black 


Will  not  carry 


by  any  of 
their 

Steamers. 


Wotton  Tramway- 

Will  not  carry  Bisulphide  of  Carbon. 


Earrow  Steam  Navigation- 


Goods  to  be  carried  on  deck  only,  at  Owner’s  risk : — 


Acids  of  all  kinds  in  proper 
packages. 

Bleaching  Liquid. 

Bromine. 

Cartridges  (Safety). 

Fusee  Matches,  properly 
labelled  as  such. 


Inodorous  Felt. 

Lucifer  Matches,  properly 
labelled  as  such. 

Nitrate  of  Iron. 

Oily  Waste. 

Vitriol,  in  carboys  only. 


Oils  to  be  carried  on  deck  or  in  hold,  at  Owner’s  risk : — 

Mineral  Oils  which  do  not  give  off  an  inflammable  vapour  at  a 
temperature  of  less  t1  an  73°  Fahrenheit. 

( Full  particulars  of  the  nature  of  each  consignment  must  be 
given  in  the  invoice , for  the  guidance  of  the  Barrow  Steam 
Navigation  Company's  staff. ) 
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Barrow  Steam  Navigation— Continued. 

Goods  not  to  be  carried  under  any  circumstances:— 


*Benzoline. 

Bisulphide  of  Carbon. 

Cartridges  (Non-Safety). 

Compressed  or  Liquefied  Car- 
bonic Acid  Gas. 

Ether. 

Fire-filled  Shells. 

Fireworks,  or  any  articles 
composed  in  part  of  Gun- 
powder. 

Fog  Signals. 

Grain,  in  bulk. 

Gunpowder. 

Long  Lights. 


*Naphtha. 

^Naphthaline. 

Percussion  Caps. 

* Petroleum. 

*Phosphorus,  in  cases  or  other- 
wise. 

Port  Fires. 

Quickmatch. 

* Rock  Oil. 

Rubber  Solution,  and  all  other 
Solutions  partly  composed  of 
Naphtha. 

Wood  Naphtha,  and  all  other 
goods  of  a similar  nature. 


* Giving  off  an  inflammable  vapour  at  less  than  730  Fahrenheit. 


Belfast  Steam  Ship,  between  Liverpool  and  Belfast— 

Goods  not  carried  in  any  of  the  Company’s  Steamers  under  any 
circumstances  whatever  : — 


Benzoline  or  Gasoline. 
Fire-filled  Shells. 
Gunpowder. 

Long  Lights. 


Naphthaline. 

Quickmatch. 

Naphtha. 


City  of  Cork  Steam  Packet- 

Goods  not  to  be  carried  under  any  circumstances : — 

Any  of  the  articles  comprised  in  Classes  1 to  7,  or  articles  of  a 
similar  or  like  nature. 

Gas  Lighting  Explosives. 

Any  Spirit  giving  off  inflammable  vapour  at  less  than  730  Fahr. 

Bisulphide  of  Carbon. 

Gazogen. 

Hydrogen  Gas. 

Nitrous  Oxide  Gas. 

Inflammable  Liquids,  Class  A. 

Goods  to  be  carried  on  deck  only,  at  Owner’s  sole  risk: — 

Remainder  of  the  articles  classified  as  Dangerous. 

Safety  Cartridges  for  the  Government. 

All  Acids,  which  must  be  packed  in  exposed  carboys  or  packages 
entirely  painted  in  red,  with  a large  card  about  1 foot  square 
attached,  with  the  words  “Acid,  on  Deck,”  painted  thereon  in 
letters  about  2 inches  long. 
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City  of  Dublin  Steam  Packet- 


Will  not  carry  under  any  circumstances: — 


Acids. 

Creosote. 
Esparto  (loose). 
Flax  (loose). 
Hay  (loose). 
Hemp  (loose). 
Inodorous  Felt. 


Naphtha. 

Oily  Clothing. 

Paraffin. 

Petroleum,  or  other  Explosives. 
Mineral  Oils. 

Cartridges,  or  any  other  Danger- 
ous Goods. 


Glasgow,  Dublin,  and  Londonderry  Steam  Packet- 


Goods  to  be  carried  on  deck  only,  at  Owner’s  risk : — 


Acids  of  all  kinds  in  proper 
packages. 

Bleaching  Liquid. 

Bromine. 

Cartridges  (Safety). 

Fusee  Matches,  properly 
labelled  as  such. 


Inodorous  Felt. 

Lucifer  Matches,  properly 
labelled  as  such. 

Nitrate  of  Iron. 

Oily  Waste. 

Vitriol,  in  carboys  only. 


Oils  to  be  carried  on  deck  or  in  hold,  at  Owner’s  risk : — 

Mineral  Oils  which  do  not  give  off  an  inflammable  vapour  at  a 
temperature  of  less  than  730  Fahrenheit. 

( Full  particulars  of  the  nature  of  each  consignment  must  be  givem 
in  the  invoice , for  the  guidance  of  the  Glasgow,  Dublin,  and 
Londonderry  Steam  Packet  Company's  staff. ) 


Goods  not  to  be  carried  under  any  circumstances : — 


Benzoline. 

Bisulphide  of  Carbon. 

Cartridges  (Non-Safety). 

Compressed  or  Liquefied  Car- 
bonic Acid  Gas. 

Ether. 

Fire-filled  Shells. 

Fireworks,  or  any  articles 
composed  in  part  of  Gun- 
powder. 

Fog  Signals. 

Grain,  in  bulk. 

Gunpowder. 

Long  Lights. 


Naphtha. 

Naphthaline. 

Percussion  Caps, 

Petroleum. 

Phosphorus, in  cases  or  otherwise. 
Port  Fires. 

Quickmatch. 

Rock  Oil. 

Rubber  Solution,  and  all  other 
Solutions  partly  composed  of 
Naphtha. 

Wood  Naphtha,  and  all  other 
goods  of  a similar  nature. 


Larne  and  Stranraer  Steamboat  Company- 

Will  not  carry  Compressed  or  Liquefied  Carbonic  Acid  Gas  by  their 
Steamers. 
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SPECIAL  CONSIGNMENT  NOTES  AND 
ADVICE  NOTES. 

g.  The  following  Special  Forms  of  Consignment  Note  and 
Advice  Note  must  always  be  used,  and  in  quoting  rates  for 
F.xplosives  and  other  Dangerous  Goods  it  is  desirable  that  a 
copy  of  the  proper  Form  of  Consignment  Note  should  be  sent 
along  with  the  quotation. 

No.  1.— Consignment  Note  for  Gunpowder  or  other 

Explosive. 


Railway  Company. 


CONVEYANCE  OF  GUNPOWDER  OR  OTPIER  EXPLOSIVE. 


In  order,  as  far  as  possible,  to  prevent  accidents  arising  from  the 
conveyance  of  Gunpowder  or  other  Explosive  on  the  Railway,  the  Company 
decline  to  receive  any  such  goods  except  under  the  provisions  of  the  Code 

of  Bye-Laws,  dated 1876,  made  with  the  sanction  of  the  Board 

of  Trade,  in  pursuance  of  the  Explosives  Act,  1875,  for  the  regulation  of  the 
Loading,  Unloading,  and  Conveyance  of  Explosives  on  the  Railways  of 
the  Company,  copies  of  which  Bye-Laws  are  exhibited  at  the  Railway 
Stations,  and  may  be  obtained  on  application  to  the  Secretary  of  the 
Company. 

The  following  are  some  of  the  Bye-Laws  principally  affecting  the 
Consignors  and  Consignees  of  Explosives,  viz. 


“2.  No  person  shall  send  to  the  Company  any  consignment  of  Explosive, 
unless  he  has  given  to  the  Company  forty-eight  hours’  previous  notice  in 
writing  of  his  intention  to  send  such  consignment,  and  stating  the  true 
name,  description,  and  quantity  of  the  Explosive  proposed  to  be  conveyed, 
and  his  own  name  and  address,  and  also  the  name  and  address  of  the  pro- 
posed consignee,  and  has  had  an  intimation  in  writing  from  the  Company 
that  they  are  prepared  to  receive  such  consignment. 


“3.  Consignments  of  Explosive  shall  be  sent  to  the  Company’s  forward- 
ing station,  and  shall  be  received  by  their  servants,  only  at  such  times 
durmg  the  hours  of  daylight,  that  is  to  say,  between  sunrise  and  sunset,  as 
the  Company  may  appoint ; and  every  consignment  and  package  containing 
any  Explosive  proposed  to  be  conveyed  on  any  railway  of  the  Company 
. shall  immediately  on  the  arrival  thereof  at  the  Company’s  station,  wharf 
or  sail  way,  be  delivered  to  and  be  received  by  the  Company’s  servants 
authorised  to  receive  dangerous  goods,  and  by  no  other  person  whatsoever. 
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“4.  No  Explosive  shall  be  loaded  or  unloaded  on  the  Company’s 
premises  by  the  consignor  or  consignee  thereof  or  their  servants,  except 
between  sunrise  and  sunset.” 

“13.  When  the  stowing  of  Explosive  in  any  carriage  or  the  loading  or 
unloading  of  any  Explosive  is  undertaken  by  any  person  other  than  the 
Company,  all  due  precautions  shall  be  taken  by  such  person,  by  careful 
stowing  and  loading  and  unloading  and  otherwise,  to  prevent  and  secure 
such  Explosive  from  being  brought  into  contact  with  or  endangered  by  any 
other  article  or  substance  liable  to  cause  fire  or  explosion. 

“ 14.  In  loading  or  unloading  any  Explosive,  the  casks  and  packages  con- 
taining the  same  shall,  as  far  as  practicable,  be  passed  from  hand  to  hand, 
and  not  rolled  upon  the  ground,  and  in  no  case  shall  any  such  casks  or 
packages  be  rolled,  unless  hides,  cloths,  or  sheets  have  been  previously  laid 
down  on  the  platform  or  ground  over  which  the  same  are  to  be  rolled. 
Casks  or  packages  containing  Explosive  shall  not  be  thrown  or  dropped 
down,  but  shall  be  carefully  deposited  and  stowed. 

“15.  No  person  while  employed  in  loading,  stowing  in  any  carriage,  or 
unloading  any  Explosive  included  in  Classes  1,  2,  3,  4,  or  5 of  the  classi- 
fication of  Explosives  as  classified  by  the  said  Order  in  Council,  dated  5th 
August  1875,  shall  wear  boots  or  shoes  with  steel  or  iron  nails,  steel  or 
iron  heels,  or  tips  of  any  kind,  or  have  about  his  person  any  lucifer  match, 
explosive,  or  means  of  striking  a light;  and  all  persons  employed  in  the 
loading,  stowing,  or  unloading  of  any  Explosive  shall,  while  such  loading, 
stowing,  or  unloading  are  going  on,  abstain  from  smoking. 

“ 16.  While  the  loading,  unloading,  or  conveyance  of  Explosive  is  going 
on,  all  persons  engaged  in  such  loading,  unloading,  or  conveyance  shall 
observe  all  due  precautions  for  the  prevention  of  accidents  by  fire  or 
explosion,  and  for  preventing  unauthorised  persons  having  access  to  the 
Explosive  so  being  loaded,  unloaded,  or  conveyed,  and  shall  abstain  from 
any  act  whatever  which  tends  to  cause  fire  or  explosion,  and  is  not 
reasonably  necessary  for  the  purpose  of  loading,  unloading,  or  conveyance 
of  such  Explosive,  or  of  any  other  article  carried  therewith,  and  for  prevent- 
ing any  other  person  from  committing  any  such  act ; and  such  other  person 
who,  after  being  warned,  commits  any  such  act  shall  be  deemed  to  commit 
a breach  of  these  Bye-Laws. 

“17  The  loading  or  unloading  of  Explosive  into  or  out  of  any  carriage, 
when  once  begun,  shall  be  proceeded  with  with  all  due  diligence  until  the 
same  is  completed. 

“18  Packages  containing  any  Explosive  must  be  removed  by  the 
consignee  from  the  station,  wharf,  or  depot  of  the  Company  to  which  they 
have  been  conveyed  as  soon  as  practicable,  and  with  all  due  diligence  altei 
arrival  ; and  if  not  removed  within  twelve  hours  after  arrival  the  packages 
and  contents  may  be  forthwith  sold  by  the  Company,  or  otherwise  disposed 
of  as  they  think  fit;  and  such  packages  shall  in  the  meantime,  and  until 
such  removal,  sale,  or  disposal,  be  completely  covered  over  with  painted 
cloth,  tarpaulin,  or  other  suitable  material.” 

“20  These  Bye-Laws  are  supplemental  to  the  Explosives  Act,  1875- 
and  in  the  event  of  any  breach  (by  any  act  or  default)  of  any  of  them,  or 
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any  attempt  to  commit  such  breach,  the  following  penalties  and  consequences 
will  be  incurred  and  ensue,  that  is  to  say:  — 

“(1.)  The  Explosive  in  respect  of  which,  or  being  in  the  carriage,  or 
train  of  carriages,  in  respect  of  which,  the  offence  is  committed, 
may,  unless  the  offence  be  committed  by  the  Company,  be 
forfeited  to  the  Company. 

“(2.)  The  person  committing  the  offence  shall  be  liable  to  a penalty 
not  exceeding  £ 20  for  each  offence,  and  to  a further  penalty 
of  £\o  for  each  day  during  which  the  offence  continues  ; and 
the  owner  of  the  carriage,  or  train  of  carriages  in  respect  of 
which,  or  containing  the  Explosive  in  respect  of  which,  the 
offence  is  committed,  the  person  in  charge  of  such  carriage, 
and  the  owner  of  such  Explosive,  shall  each  be  liable  to  a 
similar  penalty.” 


Subject  to  the  provisions  of  the  before-mentioned  Code  of  Bye-Laws, 
Gunpowder  or  other  Explosive,  except  ordinary  Fireworks,  will  be  received 

at  the  Railway  Station  only  on  the  forenoons  of, days  and 

days. 

Ordinary  Fireworks  will  be  received  at  the  Station  on  the  forenoons  of 
days. 

No  Gunpowder  or  other  Explosive  will  be  received  or  conveyed  unless 
plainly  and  fully  addressed  to  the  consignee,  and  unless  upon  the  outermost 
package  containing  the  same  there  shall  be  written  or  printed  or  affixed,  in 
conspicuous  characters,  by  means  of  a brand,  securely  attached  label,  or 
otherwise,  the  description  of  the  inner  package,  and  the  word  “Explosive,” 
followed  by  the  name  of  the  Explosive,  and  the  class  and  division  to  which 
it  belongs,  together  with  the  name  and  address  of  the  owner  and  sender. 
And  further,  no  Gunpowder  or  other  Explosive  will  be  received  or  conveyed 
unless  securely  packed  in  strong,  secure,  and  sufficient  packages,  and  the 
packages  are  in  good  condition. 

If  the  goods  be  not  accepted  in  due  course  by  the  consignee,  they  will, 
in  the  option  of  the  Company,  be  forthwith  sold  by  the  Company,  or 
returned  to  the  sender,  who  will,  if  they  be  returned,  be  bound  to  receive 
them  at  once  and  pay  all  the  charges  incurred  for  carriage,  back  carriage, 
and  re-delivery. 


The  Company  do  not  undertake  or  incur  the  duties  or  liability  of 
common  carriers  in  respect  of  goods  received  or  conveyed  under  this 
agreement,  nor  are  the  Company  to  incur  any  risk  or  responsibility  in 
respect  of  the  loading,  stowage,  or  unloading  ; nor  in  respect  of  any  loss 
or  damage  arising  in  or  by  reason  of  the  loading,  stowage,  or  unloading 
thereof ; nor  are  they  to  be  answerable  for  any  loss  or  damage,  actual  or 
consequential,  nor  for  discrepancy  in  the  delivery  as  to  either  quantity 
number,  or  weight,  nor  for  the  condition  of  any  such  goods,  nor  for  over- 
carnage  of  the  goods,  nor  for  detention,  or  delay  in,  or  in  relation  to,  the 
conveying  or  delivery  thereof,  arising  from  any  cause  whatever  other  than 
proved  gross  neglect  or  fraud  on  the  part  of  the  Company’s  servants. 

The  foregoing  Regulations  and  Conditions,  and  the  Bye-Laws  contained 
in  the  above-mentioned  Code  of  Bye-Laws,  are  applicable  throughout  the 
entire  distance  over  which  the  goods  are  to  be  carried,  and  none  of  them 
can  be  altered  or  dispensed  with  by  any  person  whomsoever. 
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Station, 189 

The Railway  Company  are  requested  to  receive  and 

forward,  as  per  address  and  particulars  given,  the  goods  named  on  the 
other  side  hereof,  subject  to  the  Regulations  and  Conditions  stated  above, 
and  the  provisions  of  the  Code  of  Bye-Laws  above  referred  to,  to  all  of 
which hereby  agree.  , 


Signature  of  Sender. 

Address. 


PARTICULARS  OF  GOODS  TO  BE  FORWARDED. 

...  Station, 189 


Owner  and 
No.  of 
Truck. 

No.  of 
Invoice. 

Consignee. 

Address. 

Description 
of  ('ioods 
and  Marks. 


Weight. 


Tons  Cwts.  Qrs.  Lbs. 


Charges 
Paid  on. 


s.  cl. 


Who  pays 
the 

Carriage. 


Checked  by. 


Loaded  by. 


No.  2.— Special  Advice  Note  of  Gunpowder  or  other 

Explosive. 

Railway  Company. 

GOODS  DEPARTMENT. 

Station, 189 



The  undermentioned  goods,  consigned  to  you  under  special  conditions 

and  subject  to  the  provisions  of  the  Code  of  Bye-Laws,  dated 

1876,  made  with  the  sanction  of  the  Board  of  Trade  m pursuance  of  the 
Explosives  Act,  1875,  for  regulating  the  loading,  unloading,  and  conveyance 
of  Explosives  on  the  Railways  of  the  Company,  haying  arrived  here,  please 
order  their  immediate  removal  hence,  as  they  remain  here  at  your  sole  risk, 
and  if  not  removed  within  six  hours  after  delivery  of  this  notice,  Fi 
Shillings  per  ton  per  hour  demurrage  will  be  charged,  and  if  not  _rem 
within  a period  of  twelve  hours  from  the  time  of  their  arrival,  the  goods 
will  be  forthwith  sold  by  the  Company  or  otherwise  disposed  ot. 
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No  delivery  allowed  after o’clock  in  the  evening  or  before 

o’clock  in  the  morning. 

Your  obedient  Servant, 


Railway. 


Species  of 
Goods. 

Marks. 

Weight. 

Rate. 

Paid  on. 

Carriage. 

Cartage. 

total. 

T. 

C. 

Qrs 

Lbs 

£ 

s. 

d. 

£ 

S. 

d. 

£ 

S. 

d 

Invoice  No IVaggon  No 

When  you  send  for  the  above  goods,  please  send  this  note. 


No.  3.— Consignment  Note  for  Inflammable  Liquids, 
Class  A (Vapour  Inflammable  under  73°). 

Consignment  Note  and  Contract  for  the  carriage  of  Inflammable 
Liquids  (Class  A),  which  when  tested  in  the  manner  set  forth  in  the 
‘ ‘ Petroleum  Act , i8jq,"  give  off  an  inflammable  vapour  at  a temperature 
of  less  than  73°  of  Fahrenheit's  thermometer. 

189 

The Railway  Company  are  requested  to  receive  and 

forward  the  undermentioned  goods  from  their Station  to 

the  Station  at 


Consignee. 

Residence. 

Description  of 
Goods  giving  off 
inflammable 
vapour  at  less 
than  73°  Fahr. 

Weight. 

Tons 

Cwts. 

Qrs. 

Lbs. 

In  consideration  of  the  Company  accepting  the  above-mentioned  goods 
for  carriage,  as  aforesaid,  I,  the  undersigned  (sender),  undertake  and  agree— 
(1)  I hat  the  said  goods  are  to  be  carried  at  my  sole  risk,  and  that  the 
Company  are  not  under  any  circumstances  to  be  liable  for  any  loss  of  or 
injury  to,  the  said  goods,  nor  for  any  delay  or  detention  thereof  arising 
"°m  any  cause  whatever  other  than  proved  gross  neglect  or  fraud  on  the 
part  of  the  Company’s  servants  ; (2)  That  the  goods  are  to  be  removed  by 
the  consignee  from  the  station  to  which  they  are  consigned  within  two 
working  hours  after  delivery  to  the  consignee  of  the  advice  note  of  arrival, 
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and  that  in  default  of  such  removal,  and  so  long  as  the  goods  or  any  part 
thereof  remain  on  the  premises  of  the  Company,  the  Company  will  he 
entitled  to  charge  and  recover  from  me  Five  Shillings  per  ton  per  hour  as 
and  for  liquidated  damages,  and  further,  if  not  removed  within  twelve 
working  hours  after  delivery  of  the  advice  note,  the  Company  may  sell  the 
goods  and  retain  out  of  the  proceeds  of  sale  all  the  charges  payable  for 
carriage,  and  all  charges  and  expenses  incidental  to  such  sale,  and  also  all 
moneys  payable  under  or  by  virtue  of  this  agreement. 

In  witness  whereof  I have  hereunto  set  my  hand  the  day  and  year  first 
above  written. 


Signature  of  Sender , 


No.  4.— Special  Advice  Note  for  Inflammable  Liquids, 
Class  A (Vapour  Inflammable  under  73°)- 

Railway. 

Special  Advice  Note  of  Inflammable  Liquids  (Class  A),  which  when 
tested  in  the  manner  set  forth  in  the  “ Petroleum  Act,  iSyg,”  give  off 
an  inflammable  vapour  at  a temperature  of  less  than  yj  of  Fahrenheit  s 
thermometer. 


GOODS  DEPARTMENT. 

Station, 189 


M 

The  undermentioned  goods  consigned  to  you  having  arrived  here,  please 
order  their  immediate  removal  hence,  as  they  remain  here  at  your  sole  risk; 
and  if  not  removed  within  two  hours  after  delivery  of  this  notice,  Five 
Shillings  per  ton  per  hour  demurrage  will  be  charged,  and  if  not  removed 
within  twelve  working  hours,  the  goods  will  be  forthwith  sold  by  the 
Company. 

Your  obedient  Servant, 


Railway. 


When  you  send  for  the  above  goods,  please  send  this  note. 
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No.  5.— Special  Consignment  Note  and  Advice  Note 
for  Bisulphide  of  Carbon. 

The  following  Special  Forms  of  Consignment  Note  and  Advice  Note 
must  always  be  used,  and  in  quoting  rates  for  Bisulphide  of  Carbon  it  is 
desirable  that  a copy  of  the  proper  Form  of  Consignment  Note  should  be 
sent  along  with  the  quotation  ; — 

CONSIGNMENT  NOTE  FOR  THE  CARRIAGE  OF 
BISULPHIDE  OF  CARBON. 

The Railway  Company  give  notice  that  they  will  not 

carry  Bisulphide  of  Carbon  unless  the  following  conditions  are  strictly  com- 
plied with,  and  the  Contract  hereinafter  appearing  is  signed  by  the  person 
or  firm  on  whose  behalf  the  Bisulphide  of  Carbon  is  sent  : — 

Conditions. 

(a.)  Each  drum  tendered  for  conveyance  must  be  securely  placed  in 
wooden  cradles  in  three  sections,  and  protected  at  each  end  by 
wooden  bars  to  prevent  concussion  during  transit. 

(/>.)  The  gross  weight  of  each  drum  must  not  exceed  5 cwts. 

(c. ) The  drums  must  be  made  of  wrought  iron  or  steel  of  a thickness  of 
not  less  than  ^ of  an  inch  for  drums  up  to  15  inches  diameter. 
For  drums  of  large  diameter  the  thickness  must  increase  in 
proportion  so  as  to  allow  the  usual  margin  of  safety. 

(t/.)  The  drums  must  have  been  tested  by  senders  by  hydraulic  pressure 
of  not  less  than  75  lbs.  to  the  square  inch,  and  also  re-tested 
whenever  they  have  shown  signs  of  damage  or  deterioration 
afterwards,  the  test  being  repeated  at  least  once  every  year. 
After  filling,  and  before  being  handed  to  the  Railway  Companies 
for  conveyance,  the  drums  must  be  tested  by  sender  to  ensure 
that  there  is  no  evaporation  or  leakage. 

(c.)  The  drums  must  be  whitened  from  time  to  time  as  necessary  with 
a mixture  of  whitening  and  oil. 

(/• ) The  screw  plugs  by  which  the  drums  are  closed  must  be  made  of 
brass,  with  shoulders,  and  be  fitted  with  washers  made  of  lead. 

(<?■)  The  screw  plugs  must  be  securely  fastened  in  their  places  before 
the  empty  drums  are  returned. 

(/i.)  When  filling  the  drums  the  senders  must  leave  an  air  space  equal 
to  ,0th  of  the  capacity  of  each  drum,  so  as  to  allow  room  for 
expansion  of  the  liquid  consequent  upon  changes  of  temperature. 
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In  consideration  of  the Railway  Company  consenting  to 

carry  the  Bisulphide  of  Carbon  which  may  be  delivered  to  them  for  carriage 
on  my  behalf,  I hereby  undertake  and  agree  : — 

1.  That  the  above  Conditions  shall  be  in  all  respects  complied  with  in 
regard  to  all  such  Bisulphide  of  Carbon. 

2.  That  the  Company  shall  not  be  liable  for  any  loss  of  or  delay  or 
injury  to  such  Bisulphide  of  Carbon,  unless  such  loss,  delay,  or  injury  is 
proved  to  have  been  caused  by  the  wilful  misconduct  of  the  Company’s 
servants. 

3.  That  I will  indemnify  the  Company  against  all  claims  for  injury  to 
person  or  property  arising  directly  or  indirectly  from  the  inflammable  or 
explosive  qualities  of  such  Bisulphide  of  Carbon,  and  will  pay  reasonable 
compensation  for  all  injury  to  their  servants  and  damage  to  their  property 
so  arising. 

4.  That  the  goods  are  to  be  removed  by  the  consignee  from  the  station 
to  which  they  are  consigned  within  two  working  hours  after  delivery  to  the 
consignee  of  the  advice  note  of  arrival,  and  that  in  default  of  such  removal, 
and  so  long  as  the  goods  or  any  part  thereof  remain  on  the  premises  of  the 
Company,  the  Company  will  be  entitled  to  recover  and  charge  from  me 
Five  Shillings  per  ton  per  hour  as  and  for  liquidated  damages,  and  fuither, 
if  not  removed  within  twelve  working  hours  after  delivery  of  the  advice 
note,  the  Company  may  destroy  or  dispose  of  the  goods  as  they  think 
expedient  for  preventing  danger,  or  may  sell  the  goods  and  retain  out  of 
the  proceeds  of  sale  all  the  charges  payable  for  carriage,  and  all  charges 
and  expenses  incidental  to  such  destruction,  disposal,  or  sale,  and  also  all 
moneys  payable  under  or  by  virtue  of  this  agreement. 

5.  That  the  above  Conditions  and  Contract  shall  apply  not  only  to  the 

Railway  Company  but  to  any  other  Company  or  person 

in  whose  custody  such  Bisulphide  of  Carbon  may  be  during  transit,  or  in 
pursuance  of  the  contract  to  carry  or  in  any  way  incidental  thereto. 


Signature  of  Sender. 
Address 


No.  6.— Special  Advice  Note  for  Bisulphide  of  Carbon. 

Railway. 


GOODS  DEPARTMENT. 

Station, 189 


M. 

The  undermentioned  goods  consigned  to  you  having  arrived  here, 
please  order  their  immediate  removal  hence,  as  they  remain  here  at  yo 
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sole  risk  ; and  on  behalf  of  the  Company  I hereby  give  you  notice  that  if 
the  same  are  not  removed  within  two  hours  after  delivery  of  this  notice, 
Five  Shillings  per  ton  per  hour  as  and  for  liquidated  damages  will  he 
charged,  and  if  not  removed  within  twelve  working  hours  after  the  delivery 
of  this  note,  the  goods  may  he  forthwith  destroyed  or  disposed  of  as 
thought  expedient  for  preventing  danger,  or  sold  by  the  Company  in 
pursuance  of  the  special  conditions  under  which  this  Company  undertake 
to  carry  Bisulphide  of  Carbon. 

Your  obedient  Servant, 


Railway. 


Species  of 
Goods. 

Marks. 

Weight. 

Rate. 

Paid  on. 

Carriage. 

Cartage. 

Total. 

T. 

C. 

Qrs 

Lbs 

£ 

S. 

d. 

£ 

S. 

d. 

£ 

S. 

d. 

Invoice  No Waggon  No. 


When  you  send  for  the  above  goods,  please  send  this  note. 


No.  7 — Consignment  Note  for  Inflammable  Liquids, 
Class  B (Vapour  Inflammable  between  73“  and  150°). 


Pro  No 

Railway. 

CONSIGNMENT  NOTE  FOR  INFLAMMABLE  LIQUIDS, 

CLASS  B. 

Penalty  for  False  Declaration,  £20.  ( Railway  Clauses  Act , 8 Viet. 

c.  20,  Cl.  105.) 


Station, 189 

The Railway  Company  are  requested  to  receive  and 

forward,  as  per  address  and  particulars  on  this  note,  the  undermentioned 

packages  containing  Inflammable  Liquids  (Class  B),  which, hereby 

declare,  will  not  give  off  inflammable  vapour  at  a less  temperature  than  730 
l'ahrenheit,  when  tested  in  the  manner  set  forth  in  the  Petroleum  Act, 
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1879;  but  which  will  give  off  an  inflammable  vapour  at  a temperature  from 
73“  to  150°  Fahrenheit. 

Sender 

Address  


Owner  and 
No.  of 
Truck. 

No.  of 
Invoice. 

Consignee. 

Address. 

No.  of 
Articles. 

Description 
of  Goods 
and  Marks. 

Weight. 

Charges 
Paid  on. 

Who  pays 
the 

Carriage.! 

Tons 

Cwts. 

Qrs. 

Lbs. 

£ 

s. 

d. 

No.  8. — Consignment  Note  for  Mineral  Oils  (Vapour 
not  Inflammable  at  less  than  150“). 

Pro  No 

Railway. 


CONSIGNMENT  NOTE  FOR  MINERAL  OILS. 

Penalty  for  False  Declaration , £20.  ( Railway  Clauses  Act,  8 Viet. 

c.  20,  Cl.  105.) 

Station, 189 

The Railway  Company  are  requested  to  receive  and 

forward,  as  per  address  and  particulars  on  this  note,  the  undermentioned 

packages  containing  Mineral  Oils,  which, hereby  ^declare,  will  not  give 

off  inflammable  vapour  at  a less  temperature  than  150°  Fahrenheit. 

Sender 


Address 


O 


Z c 


0 

Consignee. 

Address. 

0 •- 

'*< 

Description 
of  Goods 
and  Marks. 


Weight. 

Charges 
Paid  on. 

Who  pays 
the 

Carriage. 

Tons 

Cwts. 

Qrs. 

Lbs. 

£ 

S. 

d. 
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No.  9.— Consignment  Note  for  Dangerous  or  Corrosive 
Chemicals,  Matches,  and  similar  Dangerous  Goods. 


.Railway  Company. 


CONVEYANCE  OF  DANGEROUS  GOODS 
(other  than  goods  subject  to  the  explosives  act,  1875). 

In  order,  as  far  as  possible,  to  prevent  accidents  arising  from  the  con- 
veyance of  Corrosive  Acids,  Lucifer  Matches,  Fusees,  and  similar  Dangerous 
Goods,  on  the  Railway,  the  Company  decline  to  receive  or  convey  any  such 
goods  except  under  the  following  Regulations  and  Conditions  : — 

1.  Acids  and  all  other  dangerous  goods  (except  Explosives  as  above 

referred  to,  and  except  those  mentioned  below)  will  be  received  at  the 
Railway  Station  only  on  the  forenoons  of days  and  days. 

2.  Fusees,  Gas-lighting  Explosive,  and  Lucifer  and  other  Matches,  will 

be  received  at  the  Stations  on  the  forenoons  of days. 

3.  No  goods  of  the  class  above  mentioned  will  be  received  or  conveyed 
unless  plainly  and  fully  addressed  to  the  consignee,  and  the  name  of  the 
contents  of  each  package  and  the  description  of  the  inner  package  be 
written  or  printed  in  conspicuous  characters  on  the  outside  of  the  outer- 
most package  containing  the  same  ; and  unless  securely  packed  in  strong, 
secure,  and  sufficient  packages,  and  the  packages  be  in  good  condition. 
The  Company  will  not  allow  any  such  goods  to  remain  on  their  premises 
longer  than  is  absolutely  necessary  ; and  if  they  be  not  accepted  in  due 
course  by  the  consignee,  they  will,  in  the  option  of  the  Company,  be  forth- 
with sold  by  the  Company  or  returned  to  the  sender,  who  will,  if  they  be 
returned,  be  bound  to  receive  them  at  once  and  pay  all  the  charges 
incurred  for  carriage,  back  carriage,  and  re-delivery. 

4.  The  Company  do  not  undertake  or  incur  the  liability  or  duties  of 
common  carriers  in  respect  of  goods  received  or  conveyed  under  this 
Agreement,  nor  are  the  Company  to  incur  any  risk  or  responsibility  in 
respect  of  the  loading,  stowage,  or  unloading ; nor  in  respect  of  any  loss 
or  damage  arising  in  or  by  reason  of  the  loading,  stowage,  or  unloading 
thereof;  nor  are  they  to  be  answerable  for  any  loss  or  damage,  actual  or 
consequential,  nor  for  discrepancy  in  the  delivery  as  to  either  quantity, 
number,  or  weight,  nor  for  the  condition  of  any  such  goods,  nor  for  over- 
carriage of  the  goods,  nor  for  detention  or  delay  in,  or  in  relation  to,  the 
conveying  or  delivery  thereof,  except  upon  proof  of  gross  neglect  or  fraud 
on  tne  part  ot  the  Company’s  servants. 

5.  Senders  of  dangerous  goods  omitting  to  give  notice  in  writing  of  the 
contents  of  packages  containing  such  goods  are  liable  to  a penalty  of  ^20. 

o„..6‘  ^.h^se  Regulations  and  Conditions  are  applicable  throughout  the 

rnn  d'|S,  anCie  °Vrr  whlch,  th.e,  6oods  are  to  be  carried,  and  none  of  them 
an  be  alterei.  or  dispensed  with  by  any  person  whomsoever. 
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Station,  189 

The Railway  Company  are  requested  to  receive  and 

forward,  as  per  address  and  particulars  on  this  note,  the  undermentioned 
goods,  on  the  Regulations  and  Conditions  stated  above,  to  all  of  which 
hereby  agree. 

Sender 

Address 


Owner  and 
No.  of 
Truck. 

No.  of 
Invoice. 

Consignee. 

Address. 

No.  of 
Articles. 

Description 
of  Goods 
and  Marks. 

Weight. 

Charges 
Paid  on. 

Who  pays 
the 

Carriage. 

Tons 

Cwts. 

Qrs. 

Lbs. 

£ 

s. 

d. 

Checked  by 


Loaded  l>y 


No.  10.— Special  Advice  Note  of  Dangerous  or  Corrosive 
Chemicals,  Matches,  and  similar  Dangerous  Goods- 

Railway  Com  tan  y. 

GOODS  DEPARTMENT. 

Station, i$9 


M 

The  undermentioned  goods,  consigned  to  you  under  special 
conditions,  having  arrived  here,  please  order  their  immediate  removal 
hence,  as  they  remain  here  at  your  sole  risk  ; and  if  not  removed  within 
two  hours  after  delivery  of  this  notice,  Five  Shillings  per  ton  per  hour 
demurrage  will  be  charged,  and  if  not  removed  within  a further  period  o 
twelve  hours,  the  goods  will  be  forthwith  sold  by  the  Company  or  returned 
to  consignor. 


Your  obedient  Servant, 
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Species  of 
Goods. 

Marks. 

Weight. 

Rate. 

Paid  on. 

Carriage. 

Cartage. 

Total. 

T 

C. 

Qrs 

Lbs 

£ 

S. 

d, 

£ 

S. 

d. 

£ 

s. 

d. 

Invoice  No Waggon  No. 


When  you  send  for  the  above  goods,  please  send  this  note. 


No.  11.— Consignment  Note  and  Contract  for  the 
Carriage  of  Oily  Rags,  Oily  Waste,  and  Oily  Mill 
Sweepings,  Oily  Paper,  Oily  Canvas,  Oily  Cap 
Peaks,  Oily  Canvas  Clothing,  Oily  Sponge 
Cloths,  and  Carbonic  Manifold  Paper. 


189 

The Railway  Company  are  requested  to  receive  and 

forward  the  undermentioned  goods  from  their station  to  the 

station  at 


Consignee. 

Residence. 

Description. 

Weight. 

Who 
pays  car- 
nage. 

Tons 

Cwts. 

Qrs. 

Lbs. 

In  consideration  of  the  Company  accepting  the  above-mentioned  goods 
for  carriage,  as  aforesaid,  I,  the  undersigned  (sender),  undertake  and 
agree — (1)  That  the  goods  are  to  be  carried  at  my  sole  risk,  and  that  the 
Company  are  not,  under  any  circumstances,  to  be  liable  for  any  loss  of,  or 
injury  to,  the  said  goods,  nor  for  any  delay  or  detention  thereof  arising 
from  any  cause  whatever,  other  than  proved  gross  neglect  or  fraud  on  the 
part  of  the  Company’s  servants  ; (2)  That  the  goods  are  to  be  removed  by 
the  consignee  from  the  station  to  which  they  are  consigned  within  twenty- 
four  hours  after  delivery  to  the  consignee  of  the  advice  note  of  arrival,  and 
that  in  default  of  such  removal  the  Company  may  deposit  the  goods  on  any 
public  wharf  or  place  of  deposit  at  my  expense,  or  sell  the  same,  and  retain 
out  of  the  proceeds  of  such  sale  all  the  charges  payable  for  carriage,  and  all 
charges  and  expenses  incidental  to  such  sale. 

In  witness  whereof  I have  hereunto  set  my  hand  the  day  and  year  first 
above  written. 


Signature  of  Sender. 
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No.  12.— Special  Advice  Note  of  Oily  Rags,  Oily  Waste, 
Oily  Mill  Sweepings,  Oily  Paper,  Oily  Canvas,  Oily 
Cap  Peaks,  Oily  Canvas  Clothing,  Oily  Sponge 
Cloths,  Carbonic  Manifold  Paper,  and  Compressed 
Gases. 

Railway  Company. 

GOODS  DEPARTMENT. 

Station, 189 


M 

The  undermentioned  goods,  consigned  to  you  under  special 
conditions,  having  arrived  here,  please  order  their  immediate  removal  hence, 
as  they  remain  here  at  your  sole  risk  ; and  if  not  removed  within  twenty- 
four  hours  after  delivery  of  this  notice,  the  goods  will  be  removed  from  the 
Company’s  premises  at  your  expense,  or  sold. 

Your  obedient  Servant, 


Railway. 


Species  of 
Goods. 

Marks. 

Weight. 

Rate. 

Paid  on. 

Carriage. 

Cartage. 

Total. 

T. 

C. 

Ors 

Lbs 

£ 

S. 

d. 

£ 

S. 

d. 

£ 

S. 

d. 

Invoice  No Waggon  No 

When  you  send  for  the  above  goods,  please  send  this  note. 


No.  13. — Consignment  Note  for  the  Carriage  of 
Compressed  Gases. 

Railway  Company. 

In  order,  as  far  as  possible,  to  prevent  accidents  arising  from  the  con- 
veyance of  compressed  gases  on  the  railway,  the  Company  only  receive  or 
convey  such  goods  under  the  following  Regulations  and  Conditions  : — 

1.  The  traffic  will  not  be  received  or  conveyed  unless  securely  enclosed 
in  cylinders  of  wrought  iron  or  of  mild  steel  of  the  best  quality,  containing 
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not  more  than  0.25  per  cent,  of  carbon,  thoroughly  annealed  after  manu- 
facture, of  sufficient  strength  and  efficiently  tested,  and  the  cylinders 
securely  protected  by  one  of  the  following  descriptions  of  packing  : — 

(a.)  Cylinder  encased  in  closely  plaited  hemp. 

(6.)  Cylinder  fixed  in  ordinary  wooden  box  without  lid,  but  with  rope 
handle. 

(r.)  Cylinder  loose  in  ordinary  wooden  box,  with  lid  secured  by  strap, 
(if.)  Cylinder  efficiently  protected  by  closely  woven  wicker-work,  the 
valve  of  the  cylinder  not  to  project  beyond  the  wicker-work. 


2.  The  Company  do  not  undertake  or  incur  the  liability  or  duties 
of  common  carriers  in  respect  of  goods  received  or  conveyed  under  this 
agreement,  nor  are  the  Company  to  incur  any  risk  or  responsibility  in 
respect  of  same. 


3.  In  respect  of  any  goods  booked  through  by  them  or  their  agents  for 
conveyance,  partly  by  railway  and  partly  by  sea,  or  partly  by  canal  and 
partly  by  sea,  the  Company  shall  be  exempted  from  liability  for  any  loss, 
damage,  or  delay  which  may  arise  during  the  carriage  of  any  such  goods  by 
sea,  from  the  act  of  God,  the  Queen’s  enemies,  fire,  accidents  from  machinery, 
boilers,  and  steam,  and  all  and  every  other  dangers  and  accidents  of  the 
seas,  rivers,  and  navigation,  of  whatever  nature  and  kind  soever,  in  the 
same  manner  as  if  the  Company  had  signed  and  delivered  to  the  consignor 
a bill  of  lading  containing  such  condition. 

4.  The  transit  shall  in  no  case  extend  beyond  (a)  the  time  wffien  goods 
carted  by  the  Company  are  unloaded  or  tendered  at  the  address  to  which 
they  are  consigned  ; or  (6)  the  expiration  of  twenty-four  hours  after  notice 
of  arrival  of  the  goods,  posted  by  the  Company,  is  due  for  delivery  to  the 
consignee  in  the  ordinary  course  of  post,  or  notice  of  arrival  is  given  to  him 
personally  or  delivered  at  his  address. 


5.  After  the  termination  of  the  transit,  as  defined  in  Condition  4,  the 
Company  will  henceforth,  and  subject  to  these  conditions,  hold  the  goods 
as  warehousemen,  subject  to  the  usual  charges. 

6.  All  goods  delivered  to  the  Company  will  be  received  and  held  by 
them  subject  to  a lien  for  money  due  to  them  for  the  carriage  of,  and  other 
charges  upon,  such  goods,  and  also  to  a general  lien  for  any  other  moneys 
due  to  them  from  the  owners  of  such  goods  upon  any  account,  and  in  case 
any  such  lien  is  not  satisfied  wdthin  a reasonable  time  from  the  date  upon 
which  the  Company  first  gave  notice  to  the  owners  of  the  goods  of  the 
exeicise  of  the  same,  the  goods  may  be  sold  by  the  Company  by  auction  or 
otherwise,  and  the  proceeds  of  sale  applied  to  the  satisfaction  of  every  such 
lien  and  expenses. 


7.  In  respect  of  goods  consigned  to  places  beyond  the  limits  of  the 
Company  s free  delivery,  the  responsibility  of  the  Company  will  cease  when 
such  goods  have  been  delivered  over  to  another  carrier  in  the  usual  course 
lor  delivery. 

8.  In  all  cases  where  the  Company’s  charges  are  not  prepaid,  the  goods 
are  accepted  for  carnage  only  upon  the  condition  that  the  sender  remains 
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liable  for  the  payment  of  the  amount  clue  to  the  Company  for  the  carriage 
of  such  goods,  without  prejudice  to  the  Company’s  rights,  if  any,  against 
the  consignee  or  any  other  person. 

Senders  of  dangerous  goods  omitting  to  give  notice  in  writing  of  the 
actual  contents  of  packages  containing  such,  arc  liable  to  a penalty  of  /20. 

Station ..189 

The Railway  Company  are  requested  to  receive  and 

forward  by  goods  train,  as  per  address  and  particulars  on  this  note,  the 
undermentioned  goods,  under  the  Regulations  and  Conditions  named 
herein,  to  all  of  which  ^ hereby  agree.  — p hereby  certify  that  the  consign- 
ment complies  with  the  conditions  that  the  cylinder  or  cylinders  must  be  of 
wrought  iron  or  of  mild  steel  of  the  best  quality,  containing  not  more  than 
0.25  per  cent,  of  carbon,  thoroughly  annealed  after  manufacture,  of  sufficient 
strength,  and  efficiently  tested. 

Signature  of  Sender. . . I 

Address | 


Owner  and 
No.  of 
Truck.  | 

No.  of 
Invoice, 

Consignee. 

Address. 

No.  of 
Articles. 

Description 
of  Goods 
and  Marks. 

Weight. 

Charges 
Paid  on. 

Who  pays 
the 

Carriage 

Tons 

Cwts. 

Qrs. 

Lbs. 

£ 

s. 

d. 

Checked  by Loaded  by 


10.  Description  of  the  Government  Cylinders  for 
Conveyance  of  Ammunition  by  Railway,  referred 
to  in  Regulations  3 and  7. 


Half  Barrf.l. 

The  general  dimensions  of  the  cylinder  are  to  be  in  conformity  with 
Drawing  No.  1294,  ( This  drawing  is  in  the  custody  of  the  Raihocfa 

Clearing  House. ) 
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The  body  of  the  cylinder  is  to  be  made  of  Best  Best  Staffordshire  Iron, 
No.  15  B.W.G.,  17.8  inches  in  length  (inside),  and  14.5  inches  internal 
diameter. 

The  bottom  and  cover  are  to  be  made  of  gun  metal,  16.9  inches 
external  diameter,  and  riveted  to  the  body  by  eighteen  copper  rivets. 

The  top  of  the  cylinder  has  an  angular  gun  metal  ring,  16.9  inches 
diameter,  with  six  small  grooves  on  the  surface,  their  object  being  to  allow 
a leather  washer  (used  in  making  an  air-tight  joint  between  the  top  ring 
and  cover)  to  be  jammed  into  them,  and  thus  forming  a more  perfect  joint. 

The  cover  is  to  have  small  grooves  as  described  for  ring. 

The  leather  washer  is  laid  on  the  top  ring  and  the  cover  placed  over  it, 
and  secured  by  four  square-headed  screws,  .5  inch  in  diameter. 

The  iron  cylinder  and  screws  are  to  be  tinned  all  over  previous  to 
securing  the  gun  metal  bottom  and  top  angular  ring  to  it.  (The  gun  metal 
does  not  require  tinning.) 

When  finished,  the  cylinder  is  to  receive  a coating  of  Brunswick  black 
in  the  interior,  and  two  coats  of  dark  green  paint  on  the  exterior. 

Quarter  Barrel. 

The  general  dimensions  of  the  cylinder  are  to  be  in  conformity  with 
Drawing  No.  1295,  (This  drawing  is  in  the  custody  of  the  Railway 
Clearing  House. ) 

The  body  of  the  cylinder  is  to  be  made  of  Best  Best  Staffordshire  Iron, 
No.  15  B.W.G.,  14.8  inches  in  length  (inside)  and  12.5  inches!  nternal 
diameter. 

The  bottom  and  cover  are  to  be  made  of  gun  metal,  14.6  inches  external 
diameter,  and  riveted  to  the  body  by  eighteen  copper  rivets. 

The  top  of  the  cylinder  has  an  angular  gun  metal  ring,  14.6  inches 
diameter,  with  five  small  grooves  on  the  surface,  their  object  being  to  allow 
a leather  washer  (used  in  making  an  air-tight  joint  between  the  top  ring 
and  cover)  to  be  jammed  into  them,  and  thus  forming  a more  perfect  joint. 

The  cover  is  to  have  small  grooves  as  described  for  ring. 

The  leather  washer  is  to  be  laid  on  the  top  ring  and  the  cover  placed 
over  it,  and  secured  by  three  square-headed  screws  .5  inch  in  diameter. 

The  iron  cylinder  and  the  screws  are  to  be  tinned  all  over  previous  to 
securing  the  gun  metal  bottom  and  top  angular  ring  to  it.  (The  gun  metal 
does  not  require  tinning.) 

When  finished,  the  cylinder  is  to  receive  a coating  of  Brunswick  black 
in  the  interior,  and  two  coats  of  dark  green  paint  on  the  exterior. 


Description  of  Government  Safety  Case,  with  Circular 
Ends,  for  Conveyance  of  Gunpowder  by  Railway. 

For  “Case  Metal  Lined  Whole.” 

The  material  and  dimensions  of  the  safety  case  to  be  as  follows 
The  body  of  the  case  to  be  made  of  the  Best  Best  Staffordshire  Iron 
No.  15  B.W.G.  Length  2if  inches,  width  17J  inches,  depth  i8f  inches 
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(internal  measurement),  the  body  to  he  tinned  both  inside  and  outside,  the 
joints  to  be  mitred. 

All  rivets  to  be  of  the  best  wrought  copper,  pitched  about  2^  inches 
from  centre  to  centre,  to  be  countersunk  inside,  and  flush  with  the  body. 

The  ends  of  the  case  to  be  circular  and  made  of  tough  R.C.D.  bronze, 
the  outside  diameter  at  rims  29^  inches,  If),  inches  wide  and  f inch  thick 
at  the  centre,  the  webs  to  be  •§  inch  thick,  and  to  have  perforations  to 
increase  elasticity  and  lightness  without  diminishing  strength. 

The  ends  to  be  riveted  to  the  body  with  36  rivets  in  each,  one  end  to 
have  an  opening  for  the  lid  equal  to  the  outside  dimensions  of  the  body  at 
one  end.  The  lid  to  be  of  the  same  description  of  material  as  the  ends, 
and  secured  to  the  open  end  with  twelve  Delta  metal  bolts  1 inch  by  J inch 
with  hexagon  heads.  The  joint  to  be  I inch  wide,  and  to  be  smoothly  and 
evenly  finished — to  have  a leather  washer  in  one  piece,  without  a joining, 
properly  fitted  so  as  to  form  an  air-tight  joint. 

The  outside  corners  of  the  body  to  be  strengthened  by  angular  pieces 
1}  inch  wide  by  T\  inch  thick,  made  of  the  same  description  of  material  as 
the  ends,  and  riveted  to  the  body  and  flanges  of  each  end  with  rivets. 

The  corners  inside  the  body  after  riveting  to  be  tinned.  The  case  to 
be  painted  with  one  coat  of  Brunswick  black  inside,  and  two  coats  of 
whatever  coloured  paint  is  decided  upon  outside. 


Description  by  Messrs  Curtiss  & Harvey,  of  Two 
Metallic  Packages  used  by  them  for  the  Con- 
veyance of  Gunpowder  by  Railway  by  Ordinary 
Goods  Train,  referred  to  in  Regulations  3 and  7. 

(. Pattern  Cylinders  of  Messrs  Curtiss  dr  Harvey's , as  described  hereunder, 
are  in  the  custody  of  the  Railway  Clearing  House.) 

A metallic  cylinder  of  the  same  shape  or  form  as  the  present  Government 
Laboratory  pattern. 

The  bottom,  top  ring  or  flange,  and  head,  made  of  gun  metal  about 
f inch  thick. 

The  body  of  hard  rolled  brass,  No.  18  Birmingham  Wire  Gauge,  and 
the  whole  strongly  riveted  together  with  copper  rivets,  and  the  seams 
afterwards  filled  up  with  solder,  making  the  package  air-tight. 

A leather  washer  is  placed  between  the  top  ring  or  flange  (to  which  the 
body  is  riveted)  and  the  head,  and  the  latter  is  then  fastened  by  four 
copper  or  brass  countersunk  screws,  making  a tight  joint. 

Outside  diameter  of  head  is  16  inches. 

Inside  diameter  of  cylinder  is  14!  inches. 

Height  of  small  cylinder  is  14^  inches. 

Height  of  long  cylinder  is  25$  inches. 

The  long  cylinder  has  a strengthening  ring  of  gun  metal  strongly  riveted 
on  the  outside  of  body  midway  between  top  and  bottom. 


RAILWAY  REGULATIONS. 


337 


Description  by  the  New  Sedgwick  Gunpowder  Company 
of  Two  Metallic  Packages  used  by  them  for  Con- 
veyance of  Gunpowder  by  Railway,  referred  to 
in  Regulations  3 and  7. 


Quarter  or  25  lbs.  Cylinder. 

The  bottom  and  top  covers  are  made  of  brass  about  ^ inch  thick. 

The  body  of  Muntz’s  metal,  No.  20  wire  gauge,  and  the  whole  strongly 
riveted  together  with  copper  rivets,  and  the  seams  afterwards  filled  with 
solder,  making  the  cylinder  air-tight. 

A leather  washer  is  placed  between  the  top  flange  (to  which  the  body  is 
riveted)  and  the  cover,  and  the  latter  is  then  fastened  by  four  brass  counter- 
sunk screws,  making  a tight  joint. 

Outside  diameter  of  head  is  i2§  inches. 

Inside  diameter  of  cylinder  is  iof  inches. 

Height  of  cylinder  is  15  inches. 


Whole  or  ioo  i.bs.  Cylinder. 

The  bottom  and  top  covers  are  made  of  brass  about  $ inch  thick. 

The  body  of  Muntz’s,  No.  18  wire  gauge,  and  the  whole  strongly  riveted 
together  with  copper  rivets,  and  the  seams  afterwards  filled  up  with  solder 
making  the  cylinder  air-tight.  ’ 

A leather  washer  is  placed  between  the  top  flange  (to  which  the  body  is 
riveted)  and  the  cover,  and  the  latter  is  then  fastened  by  four  brass  counter- 
sunk screws,  making  a tight  joint. 

Outside  diameter  of  head  about  i8£  inches. 

Inside  diameter  of  cylinder  about  i*6£  inches. 

Height  of  cylinder  about  22J)  inches. 

riveuMonyltBder  a strengthening  ring  or  band  of  Muntz’s  metal  strongly 
riveted  on  the  outside  of  body  midway  between  top  and  bottom.  ^ * 
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English  Weights  and  Measures. 

Avoirdupois. 


Grains. 

Drachms. 

Ounces. 

Lbs. 

Qrs. 

Cwts. 

Tons. 

Grain  . 

Drachm 

Ounce  . 

Pound  . 

Quarter 

Cwt. 

Ton 

I 

27.34 

437-5 

7,000 

196.000 

784.000 
15,680,000 

I 

16 

256 

7,168 

28,672 

573.440 

1 

16 

448 

1,792 

35.840 

I 

28 
1 12 
2,240 

1 

4 

80 

I 

20 

I 

Troy  Weight. 


Grains. 

Dwts. 

Ounces. 

Lb. 

Grain 

I 

Pennyweight 

24 

I 

Ounce 

480 

20 

I 

Pound 

5.760 

240 

12 

I 

i gallon  = 277.276  cubic  inches. 

1 P,nt,  = 34-659  „ 

1 fluid  ounce  = 1.7329 

1 ^lr(;  = 61.02705  ,, 

1 cubic  centimetre  = 0.06102705  cubic  inches. 

1 cubic  inch  = 16.386176  cubic  centimetres. 
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I cubic  inch  of  distilled  water  in  air  at  62"  F.  = 252.336  grains. 
1 cubic  inch  ,,  ,,  in  vacuo  at  62°  F.  =252.645  grains. 

1 minim  is  the  volume  of  0.91  grain  of  water. 

1 fluid  drachm  ,,  of  54.68  grains  of  water. 

1 fluid  ounce  ,,  of  437.5  grains  of  water. 

1 gallon  is  the  ,,  of  10  pounds  or  70,000  grains  of  water. 


Weights  and  Measures  of  the  British  Pharmacopoeia 

of  1867. 

Weights. 

1 grain,  gr. 

I ounce,  oz.  = 437-5  grains. 

1 pound  = 16  ozs.  =7,000  ,, 

Measures  of  Capacity. 

1 minim,  min. 

1 fluid  drachm,  fi.  drm.  =60  minims. 

1 fluid  ounce,  fl.  oz.  = 8 fluid  drachms. 

1 pint,  O =20  fluid  ounces. 

1 gallon,  C =8  pints. 

Measures  of  Length. 

1 line  = TV  inch. 

I inch  = seconds— pendulum. 

39-1393 

1 2 inches  = I foot. 

36  ,,  = 3 feet  = 1 yard. 


Weights  and  Measures  of  the  Metrical  System. 

Weights. 

1 milligram  = .001  grm. 

I centigram  = .01  ,, 

1 decigram  =0.1,, 

1 grm.  = weight  of  a cubic  centimetre  of  water  at  4 L. 

1 decagram  = 10  grms. 

1 hectogram  = 100  ,, 

1 kilogram  =1,000  ,, 

Measures  of  Capacity. 

1 millilitre  = I cubic  centimetre  of  water  at  4 C. 

1 centilitre  = 10  cubic  centimetres. 

1 decilitre  = 100  ,,  >> 

1 litre  = 1,000  ,,  >> 
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Measures  of  Length. 

I millimetre  = .001  metre. 

1 centimetre  = .01  ,, 

1 decimetre  =0.1  ,, 

1 metre  = the  ten  millionth  part  of  a quarter  of  the  earth’s 

meridian  (nearly). 


Tables  for  Conversion  of  Metrical  and  English 
Measures. 

A.  LENGTH. 


Metrical  to  English.  English  to  Metrical. 


(1)  Millimetres  to 
Inches. 

(2)  Metres  to  Feet. 

(3)  Inches  to  Milli- 
metres. 

(4)  Feet  to  Metres. 

1=0.03937079 
2=0.07874158 
3=0. 11811237 
4=0.15748316 
5=0.19685395 
6=0.23622474 
7=0.27559553 
8=0.31496632 

9=0.35433711 

1=  3.2808992 
2=  6.5617984 
3=  9-8426976 
4=I3-I235968 
5 = 16.4044960 
6=19.6853952 

7 = 22.9662944 

8 = 26.2471936 

9 = 29.5280928 

I=  25-39954 

2=  50.79908 
3=  76.19862 
4= 101.59816 
5 = 126.99770 
6=152.39724 

7=177-79678 

8=203.  19632 
9=228.59586 

1=0.30479449 

2 = 0.60958898 

3 = 0.91438347 
4=  I.21917796 
5 = 1.52397245 
6=  1.82876694 

7 = 2.13356143 

8 = 2.43835592 

9 = 2. 743 1 5041 

B.  CAPACITY. 

Metrical  to  English. 


(1)  Cubic  Centimetres 
to  Cubic  Inches. 

(?)  Litres  to  Fluid 
Ounces. 

(3)  Litres  to  Pints. 

(4)  Litres  to  Gallons. 

1 =0.06102705 
2=0. 12205410 
3=0.18308115 
4=0.24410820 

5=0.30513525 

6=0.36616230 

7=0.42718935 

8=0.48821640 

9=0.54924345 

I=  35-2I5468 
2=  70.430936 
3=  105.646404 
4=140.861872 

5 = 176.077340 

6 = 21 1.292S08 

7 = 246. 508276 

8 = 281.723744 

9 = 3J6. 939212 

1=  I.7607734 
2=  3-521546S 
3=  5.2823202 
4=  7.0430936 
5=  8.8038670 

6 = 10.5646404 

7 = 12.3254138 
8=  14.0861872 
9 = 15.8469606 

1 =0.22009668 

2 = 0.44019336 

3 =0.66029004 

4 = 0.88038672 

5 = 1.10048340 
6=  1.3205800S 
7 = 1.54067676 

8=1.76077344 
9=  1.98087012 
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English  to  Metrical. 


(i)  Cubic  Inches  to 
Cubic  Centimetres. 

(2)  Fluid  Ounces  to 
Cubic  Centimetres. 

(3)  Pints  to  Litres. 

(4)  Gallons  to  Litres. 

1=  16.386176 
2=  32.772352 
3=  49-158528 
4=  65.544704 
5=  81.930880 
6=  98.317056 
7 = 114.703232 
8=  131.089408 
9=' -I7-475584 

1=  28.396612 
2=  56.793224 
3=  85.189856 
4=II3-586448 
5 = 141.983060 
6=170.379672 

7 = 198.776284 

8 = 227.172896 

9 = 255.569608 

1=0.567932 
2=  1. 135864 

3 = 1.703796 

4 = 2.271728 

5 = 2.839660 

6 = 3-407592 

7 = 3-975524 

8 = 4-543456 

9 = 5.111388 

1=  4-543458 

2=  9.086916 
3=13.630374 
4=18.173832 
5=22.717290 

6 = 27.270748  ; 

7 = 31.804206 

8 = 36-347664 

9 = 40.891 122 

C.  WEIGHT. 

Metrical  to  English. 


(1)  Grammes  to  Grains. 

(2)  Kilogrammes  to 
Ounces. 

(3)  Kilogrammes  to 
Pounds. 

1=  15-4323488 
2=  30.8646976 
3=  46.2970464 

4=  61.7293952 
5=  77.1617440 
6=  92.5940928 
7 = 108.0264416 

8=123.4587904 

9=138.8911392 



1=  35-27394 
2=  70.54788 
3=  IO5.82182 
4=141.09576 

5 = 176.36970 

6 = 21 1.64364 

7 = 246.91758 

8 = 282.19152 
9 = 317.46546 

1=  2.20462 
2=  4.40924 
3=  6.61386 
4=  8.81848 
5=11.02310 

6 = 13.22772 

7 = i5-43234 
8=  17.63696 
9=19.84158 

English  to  Metrical. 


(1)  Grains  to 
Grammes. 

(2)  Ounces  to 
Grammes. 

(3)  Pounds  to 
Kilogrammes. 

(4)  Hundredweights 
to  Kilogrammes. 

1 =0.0647989 
2=0. 1295978 

3=0.1943967 

4=0.2591956 

5=0.3239945 

6=0.3887934 

7=0.4535923 

8=0.5183912 

9=0.5831901 

1=  28.34954 
2=  56.69908 
3=  85.04862 

4=  Ii3-398i6 
5 = 141.74770 
6=170.09724 

7 = 198.44678 

8 = 226.79632 

9 = 255-I4586 

1=0.45359265 

2=0.90718530 

3=1.36077795 

4=  I.81437060 

5 = 2.26796325 

6 = 2.72155590 

7 = 3-175I4855 

8 = 3.62874120 

9 = 4.08233385 

1=  50.8023768 
2=  IOI.6047536 

3 = 152.407  1304 

4 = 203.2095072 

5 = 254.0118840 

6 = 304.8142608 

7 = 355.6166376 

8 = 406.4190144 

9 = 457.2213912 
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Hydrometer  Tables. 


Densities  Corresponding  to  Degrees  of  Baume’s  Hydrometer 
for  Liquids  Heavier  than  Water. 


" B. 

Density. 

“ B. 

Density. 

° B. 

Density. 

0 B. 

Density. 

o 

1. 000 

19 

1. 152 

38 

1-357 

57 

I.652 

I 

1.007 

20 

I.l6l 

39 

1.370 

58 

I.671 

2 

1. 014 

21 

1. 171 

40 

1-383 

59 

I.691 

3 

1.022 

22 

1. 180 

4i 

1-397 

60 

i . 7 1 1 

4 

1.029 

23 

1. 190 

42 

I. 410 

61 

1-732 

5 

I.036 

24 

1 • 1 99 

43 

1.424 

62 

1-753 

6 

I.O44 

25 

1. 210 

44 

1-438 

63 

i-774 

7 

I.052 

26 

1. 22  I 

45 

1-453 

64 

1.796 

8 

1.060 

27 

1-231 

46 

1.468 

65 

1.819 

9 

I.067 

28 

I.242 

47 

1.483 

66 

1.846 

IO 

1.075 

29 

'•253 

4S 

1.498 

67 

1.872 

n 

1-083 

30 

1.264 

1 49 

I.5I4 

68 

1.897 

12 

1. 09 1 

31 

1-275 

50 

1-53° 

69 

1.921 

13 

I.  IOO 

32 

1.2S6 

5i 

1.546 

70 

1.946 

14 

1. 108 

33 

1.297 

52 

1-563 

71 

1.974 

i5 

I.  1 16 

34 

1.309 

53 

1-580 

72 

2.000 

16 

I.  125 

35 

1.320 

54 

1-597 

73 

2.031 

17 

I- 134 

36 

1-332 

55 

1.615 

74 

2.059 

iS 

1 - 1 43 

37 

1-345 

56 

1.634 

i 

Densities  Corresponding  to  Baumk’s  Hydrometer  for  Liquids 
Lighter  than  Water.  (Franco-iur.) 


° B. 

Density. 

° B. 

Density. 

° B. 

Density. 

0 B. 

Density. 

IO 

I. OOO 

23 

0.918 

36 

0. 849 

49 

0.789 

I I 

0-993 

24 

0.913 

37 

0. 844 

50 

0.785 

12 

0.986 

25 

0.907 

38 

0.839 

5i 

0.781 

13 

O.980 

26 

0.901 

39 

0.834 

52 

0.777 

i x4 

0-973 

27 

0.896 

40 

0.830 

53 

0.773 

15 

O.967 

28 

0.890 

41 

0.825 

54 

0.768 

16 

O.960 

29 

0.885 

42 

0.820 

55 

0.764 

17 

0-954 

30 

0.880 

43 

0.816 

56 

0.760 

18 

O.948 

31 

0.874 

44 

0.81 1 

57 

0.757 

19 

0.942 

32 

0.869 

45 

0.807 

58 

0.753 

20 

0.936 

33 

0.864 

46 

0.802 

59 

0.749 

21 

0.930 

34 

0.859 

47 

0.798 

60 

0.745 

22 

O.924 

35 

0.854 

48 

0.794 
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Degrees  on  Twaddle’s  Hydrometer  with  the  Corresponding 

Densities. 


° Tw. 

Density. 

0 Tw. 

Density. 

” Tw. 

Density. 

°Tw. 

Density. 

I 

1.005 

8 

I.040 

15 

1-075 

22 

I.  I IO 

2 

1. 010 

9 

I.045 

l6 

1.080 

23 

I.II5 

3 

1.015 

10 

I.050 

17 

1.085 

24 

1. 120 

4 

1.020 

I I 

1-055 

18 

1.090 

25 

1. 125 

5 

1.025 

12 

I.060 

19 

1.095 

26 

1-130 

6 

1.030 

13 

1.065 

20 

I.  IOO 

27 

1-135 

7 

1-035 

14 

I.070 

21 

1. 105 

28 

1. 140 

Degrees  Twaddle  are  converted  into  the  corresponding  specific  gravities 
by  multiplying  them  by  5 and  adding  1,000. 


Comparison  of  Thermometers. 

Conversion  of  Thermometer  Degrees. 

0 C.  to  0 R.— Multiply  by  4 and  divide  by  5. 

° C.  to  0 F.  —Multiply  by  9,  divide  by  5,  then  add  32. 

0 R.  to  0 C.  — Multiply  by  5 and  divide  by  4. 

0 R.  to  0 F.— Multiply  by  9,  divide  by  4,  then  add  32. 

0 F.  to  0 R.— First  subtract  32,  then  multiply  by  4,  and  divide  by  9. 

0 p.  to  0 c.—  First  subtract  32,  then  multiply  by  5,  and  divide  by  9. 


Symbols  and 

Atomic  Weights 

Element. 

Symbol. 

Atomic 

Weight. 

Aluminium 

A1 

27.02 

Antimony 

Sb 

120.00 

Arsenic 

As 

75-15 

Barium 

Ba 

136.84 

Bismuth  . 

Bi 

210.00 

Boron 

B 

I I.04 

Bromine  . 

Br 

79.76 

Cadmium  . 

Cd 

I 12.04 

Qesium 

Cs 

L33-00 

Calcium  . 

Ca 

39-9° 

Carbon 

C 

11.97 

Cerium 

Ce 

13S.24 

Chlorine  . 

Cl 

35-37 

of  the  Elements. 

Observer. 

Mallet. 

Schneider,  Cooke. 
Kessler. 

Marignac. 

Dumas. 

Berzelius. 

Stas. 

Lenssen. 

Bunsen. 

Erdmann. 

Dumas,  Liebig. 
Rammelsberg. 

Stas. 
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Element. 

Chromium 
Cobalt 
Copper 
Didymium 
Erbium  . 
Fluorine  . 
Gallium  . 
Glucinum . 
Gold 

Hydrogen 
Indium 
Iodine 
Iridium 
Iron  . 

Lanthanum 

Lead 

Lithium  . 

Magnesium 

Manganese 

Mercury  . 

Molybdenum 

Nickel 

Niobium  . 

Nitrogen  . 

Osmium  . 

Oxygen  . 

Palladium 

Phosphorus 

Platinum  . 

Potassium 

Rhodium  . 

Rubidium 

Ruthenium 

Selenium  . 

Silver 

Silicon 

Sodium 

Strontium 

Sulphur  . 

Tantalum . 

Tellurium 

Thallium  . 

Thorium  . 


Symbol. 

Atomic 

Weight. 

Observer. 

Cr 

52.0s 

Siewart. 

Co 

58-74 

Russell. 

Cu 

63.12 

Millon  and  Commaille. 

D 

142.44 

Plermann. 

E 

1 68. 90 

Bahr  and  Bunsen. 

F 

18.96 

Luca,  Louyet. 

Ga 

69.80 

Lecoq  de  Boisbaudran. 

G1 

9-30 

Awdejew,  Klatzo. 

Au 

196.71 

Berzelius. 

H 

1. 00 

Dulong  and  Berzelius. 

In 

113.40 

Winkler,  Bunsen. 

I 

126.54 

Stas. 

Ir 

196.87 

Berzelius. 

Fe 

56.00 

Dumas. 

La 

139-33 

Hermann. 

Pb 

206.40 

Stas. 

Li 

7.00 

Stas. 

Mg 

23-94 

Dumas. 

Mn 

54-04 

Schneider. 

Ilg 

200.00 

Erdmann. 

Mo 

96.00 

Dumas,  Debray 

Ni 

58-74 

Russell. 

Nb 

94.00 

Marignac. 

N 

14.01 

Stas. 

Os 

1 99- 03 

Berzelius. 

O 

15.96 

• 

Pd 

106.57 

Berzelius. 

P 

30.96 

Schrdtter. 

Pt 

I94-38 

Seubert. 

K 

39-04 

Stas. 

Rh 

1 04. 2 1 

Berzelius. 

Rb 

85-40 

Bunsen,  Piccard. 

Ru 

104.40 

Berzelius. 

Se 

79.46 

Dumas. 

AS 

107.67 

Stas. 

Si 

28. 10 

Dumas. 

Na 

22.99 

Stas. 

Sr 

87-54 

Marignac. 

S 

31.996 

Stas. 

Ta 

182.300 

Marignac. 

Te 

128.06 

V.  Hauer. 

T1 

203.66 

Crookes. 

Th 

231-44 

Delalontaine. 
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Element. 

Tin  . 

Titanium  . 
Tungsten  . 
Uranium  . 
Vanadium 
Yttrium  . 
Zinc . 
Zirconium 


Symbol. 

Atomic 

Weight. 

Sn 

1 18. 10 

Ti 

50.00 

W 

184.00 

u 

237.60 

V 

51-35 

Y 

92-55 

Zn 

65.16 

Zr 

89.60 

Observer. 

Dumas. 

Pierre. 

Schneider,  Roscoe. 
Ebelman. 

Roscoe. 

Bahr  and  Bunsen. 
Oxel  Erdmann. 
Marignac. 


Specific  Gravity  of  Various  Solid  and  Liquid 
Substances. 


Water  = i. 


Poplar  . • • • -38 

Fir 55 

Willow  . . • • ■ 58 

Lithium  (metal)  . • -59 

Elm 60 

Cedar  of  Lebanon  . • • 6 1 

Pear  Tice  . . • • -66 

Cherry  Tree  . • • -71 

Ether 72 

Maple 75 

Plum  Tree.  • • • • 7 '5 

Apple  Tree  . • • -79 

Yew  . . • • • -79 

Ash  . . • • • -8° 

Spirit  of  Wine  (strong)  . -83 

Beech  . • • • -86 

Oil  of  Turpentine  . • -86 

Potassium 

Logwood  . • • • -91 

Gunpowder  shaken  . • -92 

Oak 92 

Wax 96 

Sodium  • • • • -97 

Common  Water . • • t-00 

Sea  Water  . . - 102 

Boxwood  . • • • I-°3 

Mahogany  . . • • l-°^ 


Pitch . 

. I- 15 

Coal  . 

. 1.25 

Ebony 

- i-33 

Lignum  Vita; 

• i-33 

Rubidium  . 

• i-52 

Sand  . 

. i-52 

Calcium 

• i-57 

Magnesium 

. i-74 

Chalk 

- i-79 

Ivory 

. 1-82  ' 

Sulphuric  Acid  . 

1-84 

Light  Earth 

1.98  * 

Brick 

. . 2.00 

Burford  Stone  . 

2.04 

Grind  Stone 

2.14 

Clay 

2.16 

Yorkshire  Stone 

2.44  • 

Mill  Stone 

2.48  4 

Portland  Stone  . 

2-49  1 

Bristol  Stone 

. 2.51 

Window  Glass  . 

. 2.52 

Strontium  . 

• 2.54 

Aluminium 

2.56 

Flint  . 

. 2.57 

Rock  Crystal 

2.60 

Glass 

. 2.64 

Marble 

2.70 

Granite 

. 3- 00 
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Diamond  . 
Loads!  one  . 
Arsenic 
Tellurium  . 
Antimony  . 
Chromium  . 
Zinc  . 

Tin  . 

Cast  Iron  . 
Iron  . 

Steel  . 

Cast  Brass  . 
Manganese 
Cadmium  . 
Molybdenum 
Gun  Metal 
Nickel 


3-5o 

Copper 

4-93 

Cobalt 

5-96 

Bismuth 

6.25 

Silver 

6.71 

Lead  . 

6.81 

Ruthenium 

7.14 

Palladium  . 

7-32 

Thallium  . 

7.42 

Rhodium  . 

7.84 

Mercury 

7.85 

Tungsten  . 

8.00 

Uranium  . 

8.01 

Gold  . 

8.69 

Iridium 

8.62 

Osmium 

8.78 

Platinum  . 

8.82 

8-95 

8- 95 

9- 79 
10-53 

11.36 

11. 4 
11. 8 

1 1. 91 
12. 1 

13-59 

17.6 

18.4 
19-34 
21.15 

21.4 
21-53 


Specific  Gravity  of  Gases  and  Vapours. 


Air  = 1 . 


Arsenic  Vapour 

10.600 

Iodine  Vapour  . 

8.716 

Mercury  Vapour 

6.976 

Bromine  Vapour 

• 5-540 

Phosphorus  Vapour  . 

• 4-500 

Chlorine  Gas  . 

2.470 

Sulphurous  Acid  Gas 

2.247 

Sulphur  Vapour 

2.230 

Carbonic  Acid  Gas  . 

1.529 

Nitrous  Oxide  . 

1.527 

Hydrochloric  Acid  . 

1.261 

Sulphuretted  Hydrogen  . 1.191 

Phosphuretted  Hydrogen  . 1.1S5 

Oxygen  . . . .1.105 

Nitric  Oxide  . . . 1.039 

Heavy  Carburettcd  Hydrogen  .978 

Nitrogen 972 

Carbonic  Oxide  . . .967 

Water  Vapour  . . . .622 

Ammonia  Gas  . . . .590 

Light  Carburetted  Hydrogen  .557 
Hydrogen  . . . .069 


Relation  between  “Real”  and  “Packing”  Specific 
Gravity  of  Common  Salts. 


Alum. 

Soda 

Crystals 

I.42 

O.96 

I.4S 

Sul- 
phate of 
Soda. 

Sulphate 

of 

Magnesia 

Anhyd- 
rous Car- 
bonate 
of  Soda 

Bicar- 
bonate of 
Soda. 

Real  Specific  Gravity  . 
Packing  Specific  Gravity 
Factor  .... 

I.726 

I.040 

1.66 

I.50 

O.87 

I.72 

'•75 

1.05 

1.70 

2.47 

>•35 

1.83 

2.2 

>•3 

>•7 

Mean  factor  = 1.68. 
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Table  of  the  Temperature  of  Steam  and  Various 

Pressures. 


Atmosphere  Included. 


Lbs.  per 
Sq.  Inch. 


3 

4 

5 

6 

7 

S 

9 

10 

1 1 
12 

13 

14 

14.706 

15 

16 

1 7 

iS 

19 

20 

21 

22 

23 

24 

25 
30 
35 
40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

no 

120 


Inches  of 
Mercury. 


2-0355 

4.0701 
6. 1065 
8. 142 
10. 178 
12.213 
14.249 
16.284 
1 8. 320 
20-355 
22.391 
24.426 
26.462 
28.497 
29.922 

30.533 
32.568 
34.604 
36.639 
38.675 
40.710 
42.746 
44.78i 
46.817 
48.852 
50. 888 
61.065 
71.243 
Si. 420 
91-598 
101.776 
n i-953 
122. 131 
132.308 
142.486 
152.663 
162.841 
173.018 
183.196 
193-373 

203-551 

223.906 

244.261 


Tem- 
perature 
of  Steam. 
F. 


102. 1 

126.  3 

141.6 

I53-I 

162.3 
170.2 

176.9 

182.9 

1 88. 3 
193-3 
197-8 

202.0 

205.9 

209.6 

212.0 

213. 1 

216.3 

219.6 

222.4 

225-3 

228.0 

230.6 
233-1 
235-5 

237.8 

240. 1 

250.4 

259-3 

267. 3 

274.4 

281.0 

287.1 

292.7 

298.0 

302.9 

307-5 

312.0 

316.1 

320.2 
324-1 

327.9 
334-6 
341- 1 


Specific 

Vol. 


20582 

10721 

7322 

5583 

4527 

3813 

3298 

2909 

2604 

2358 

2157 

1986 

1842 

1720 

1642 

1610 

1515 

1431 

1357 

1290 

1229 

1174 

II23 

1075 

1036 

996 

838 

726 

640 

572 

518 

474 

437 

405 

378 

353 

333 

314 

298 

283 

270 

247 

227 


No.  of 
Atmo- 
spheres. 


.068 
.136 
.204 
.272 
•340 
.408 
•476 
•544 
.612 
.680 
•748 
.S16 
.884 
•952 
1. 000 
1.020 
1.088 
1.156 
1.224 
1.292 
1.360 
1.428 
1.496 
1.564 
1.632 
1.700 
2.040 
2.380 
2.720 
3.060 
3-400 
3-740 
4.080 
4.420 
4.760 
5- 100 
5-440 
5.78o 
6. 120 
6.460 
6.800 
7.480 
8.160 


Atmosphere  Excluded. 


Inches  of 
Mercury. 


- 27.886 
-25.851 
-23.815 

- 21.780 

- 19-744 
- 17-709 
- 15-673 

- 13-638 
-n.  602 

- 9-567 

- 7-531 

- 5-496 

- 3.460 

- 1-425 

+ 0.000 
0.61 1 
2.646 
4.682 

6.717 

8-753 
10.788 
12.842 
14.859 
16.895 
1 8. 930 
20.966 
31-143 
41.321 
51.498 
61.676 
71.854 
82. 03 1 
92. 209 
102.386 
1 1 2. 563 
122.741 
132.919 
143.096 

153-274 

163.451 

173.629 

193.984 

214-339 


Lbs.  per 
Sq.  Inch. 


- 13-7 

- 12.7 

- ii. 7 

- 10.7 

- 9-7 

- 8.7 

- 7-7 

- 6.7 

- 5-7 

- 4-7 

- 3-7 

- 2.7 

- i-7 

- 0.7 
+ 0.0 

0- 3 

1- 3 

2- 3 

3- 3 

4- 3 

5- 3 

6- 3 

7- 3 

8- 3 

9- 3 

10.3 
15-3 

20. 3 

25-3 

30.3 

35-3 

40.3 

45-3 

50.3 

55-3 

60. 3 

65-3 

70.3 

75-3 

80.3 
85-3 
95-3 

105-3 
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Table  of  the  Temperature  of  Steam  and  Various 
Pressu  res — Continued. 


Atmosphere  Included. 

Tem- 
perature 
of  Steam. 
F. 

Specific 

Vol. 

j 

No.  of 
Atmo-  j 
spheres,  j 

Atmosphere  Excluded. 

Lbs.  per 
Sq.  Inch. 

Inches  of 
Mercury. 

Inches  of 
Mercury. 

Lbs.  per 
Sq.  Inch. 

130 

264.616 

347-2 

2 1 1 

8.840 

234.694 

1 1 5-  3 

IAO 

284.971 

352-9 

197 

9.520 

255.049 

125-3 

>5° 

305-327 

358-3 

184 

10.200 

275-405 

135-3 

160 

325.682 

363-4 

174 

10.S80 

295.760 

'45-3 

170 

346.037 

368.2 

164 

n.560 

316.115 

155-3 

180 

366.392 

372-9 

155 

12.240 

336-470 

165-3 

190 

386.747 

377-5 

148 

12.920 

356.825 

175-3 

200 

407.  102 

38i-7 

141 

1 3. 600 

377. 1S0 

185-3 

250 

508.878 

401. 1 

114 

17.000 

478.956 

235-3 

300 

610.653 

4>7-5 

96 

20.400 

580.731 

285.3 

35° 

712.429 

430.1 

S.3 

23.S00 

682.507 

335-3 

400 

814.  204 

444-9 

73 

27.200 

784. 282 

385-3 

45° 

q I 5.980 

456.7 

66 

30. 600 

886.058 

435-3 

500 

1017-755 

467-5 

59 

34.000 

987-833 

485-3 

600 

1221.306 

487.0 

50 

40.800 

1191.384 

585-3 

700 

1424.857 

504.1 

43 

47.600 

1394-935 

0S5.3 

800 

1628.408 

519-5 

38 

54-400 

1598.486 

785-3 

900 

1S31.959 

533-6 

34 

61.200 

1802.037 

885.3 

1000 

2035.510 

546.5 

31 

68.000 

1 

2005.588 

985-3 

Walker’s  List  of  Prigoriflc  Mixtures. 

Thermometer  Sinks 
Degrees  F. 


Ammonium  Nitrate . 
Water 

Ammonium  Chloride 
Potassium  Nitrate  . 
Water 

Ammonium  Chloride 
Potassium  Nitrate  . 
Sodium  Sulphate 
Water 

Sodium  Nitrate 
Nitric  Acid,  diluted 
Ammonium  Nitrate 
Sodium  Carbonate  . 
Water 


I part 

1 »> 

5 >> 

5 » 

16  ,, 

S yy 

5 >> 

8 „ 
16  ,, 

3 >> 

2 ,, 

I ,» 

I » 

I » 


j-From  +40°  to  + 4 
j-  From  + 50°  to  + 10“ 


- From  + 50“  to  +4 


| From  + 50°  to  -3 
| From  +50“  to  -7 


APPENDIX. 


Sodium  Phosphate  . 

Nitric  Acid,  diluted 
Sodium  Sulphate 
Sulphuric  Acid,  diluted  . 
Sodium  Sulphate 
Ammonium  Chloride 
Potassium  Nitrate  . 

Nitric  Acid,  diluted 
Sodium  Sulphate 
Ammonium  Nitrate 
Nitric  Acid,  diluted 
Snow,  or  Pounded  Ice 
Sodium  Chloride 
Snow,  or  Pounded  Ice 
Sodium  Chloride 
Ammonium  Chloride 
Snow,  or  Pounded  Ice 
Sodium  Chloride 
Ammonium  Chloride 
Potassium  Nitrate  . 

Snow,  or  Pounded  Ice 
Sodium  Chloride 
Ammonium  Nitrate. 

Snow  .... 
Sulphuric  Acid,  diluted  . 
Snow  .... 
Hydrochloric  Acid  . 

Snow  .... 
Nitric  Acid,  diluted 
Snow  .... 
Calcium  Chloride  . 

Snow  .... 
Calcium  Chloride,  crystallised 
Snow  . . 

Potash  .... 


9 

4 

5 
4 

6 

4 

2 

4 
6 

5 

4 
2 

1 

5 

2 

1 

24 

10 

5 

5 

12 

5 

5 

3 

2 
S 
5 
7 

4 

4 

5 
2 

3 

3 

4 
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Thermometer  Sinks 
Degrees  F. 

parts  1 From  + 5o°  to -12s 

J > * 

” | From  +40'3  to  + 30 

■ From  + 50°  to  -io° 

j-  From  + 50°  to  -40° 
} to-50 

l to -12° 

lO-l8° 

| 10-25° 

| From  +320  to  -230 
| From  +320  to  -270 
| From  +320  to  -30° 
| From  + 320  to  -40° 
| From  + 32“  to  -50° 
| From  -i-  320  to  -510 


INSURANCE. 

Insurance  of  Goods  named  in  the  Carriers’  Act. 

The  following  classification,  scales  of  charges,  and  con- 
ditions apply  whether  the  articles  be  conveyed  by  goods  or 
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passenger  trains  ; but  parcels  up  to  and  including  28  lbs.  in 
weight  are  to  be  insured  only  when  sent  by  passenger  train. 


Classification. 


Class  I. 

1.  Stamps. 

2.  Maps. 

3.  Silks,  or  Goods  mixed  with  Silk 

where  Silk  is  more  than  30 
per  cent,  of  the  value. 

4.  Furs. 

5.  Clocks. 

6.  Timepieces. 

7.  Plated  Articles. 

8.  Coins,  Gold  and  Silver. 

9.  Gold  and  Silver,  manufactured 

and  unmanufactured. 

10.  Jewellery.  (See  Notes.) 

11.  Watches. 

12.  Gold  and  Silver  Plate. 

13.  Iland-made  Lace. 

14.  Engravings. 

15.  Trinkets. 

16.  Bank  Notes. 

17.  Title  Deeds. 

18.  Writings. 

19.  Bills  of  Exchange. 

20.  Orders,  Notes,  or  Securities  fur 

payment  of  money,  English  or 
Foreign. 


Class  II. 

1.  Glass  of  all  kinds,  except  as 

named  in  Class  IV. 

2.  China  from  Manufacturers  or 

Factors. 

3.  Precious  Stones,  set  or  unset. 

4.  Jewellery,  not  from  or  to  Manu- 

facturers or  Factors. 

Class  III. 

1.  Pictures  and  Paintings. 

Class  IV. 

1.  Plate  Glass  (in  plates  exceeding 

36  feet  superficial  in  size  each). 

2.  Glass  (stained). 

3.  Glass  (silvered). 

4.  Glass  (bent). 

5.  China  (other  than  from  Manu- 

facturers or  Factors). 


N.B. — In  mixed  silk  goods  where  there  is  less  than  30  per  cent,  of  silk, 
the  exemption  of  the  Carriers’  Act  is  not  to  be  pleaded  at  all,  but  all  such 
goods  are  to  be  carried  at  the  carrier’s  risk. 

For  Scale  of  Charges,  see  next  page. 

MEMO.— Articles  (as  above)  named  in  the  Carriers’  Act,  but  not  classi- 
fied in  the  General  Classification  of  Goods,  must  be  carried  only  by  special 
arrangement. 

Note.— (a)  Jewellery  when  containing  Precious  Stones  from  or  to 
Manufacturers  or  Factors  will  be  charged  at  the  rates  for  articles  in  Class  II. 


APPENDIX 
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The  above  charges  apply  irrespective  of  distance. 
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Conditions  of  Insurance. 

1.  The  Insuring  Company  reserves  the  right  of  inspecting, 
before  effecting  any  insurance,  all  goods  delivered  to  them  for 
insurance,  to  ascertain  that  the  articles  are  in  accordance  with 
the  Declaration,  and  are  in  good  condition  and  well  packed. 

2.  The  Insurance  is  to  apply  only  to  the  point  to  which  the 
carriage  charges  cover  conveyance  and  delivery  of  the  insured 
articles. 

3.  The  Insurance  charges  upon  insured  goods  and  parcels 
should  always  be  accepted  at  the  original  forwarding  station,  as 
covering  the  entire  throughout  distance  from  such  forwarding 
station  to  the  station  nearest  the  ultimate  destination  of  the 
goods  or  parcels,  whether  the  invoicing  or  booking  be  through-  j 
out  or  otherwise ; and  no  alteration  is  to  be  made  in  the 
existing  invoicing  and  booking  arrangements  of  the  Companies,  ; 
so  far  as  regards  the  ordinary  Railway  charges. 

4.  When  Insurance  is  effected,  Owner’s  Risk  Rates  are  to  j 
be  charged,  where  such  are  in  existence. 

5.  The  contract  for  Insurance  must  be  made  by  the  for- 
warding Company,  and  with  the  sender  only,  and  the  charge 

for  Insurance  must  be  prepaid. 

6.  The  Insurance  of  articles  exceeding  ^500  in  value,  and 
so  declared,  to  be  subject  to  special  arrangements  with  the 
Goods  Manager  or  Superintendent,  as  the  case  may  be. 

7.  In  the  event  of  a consignment  tendered  for  Insurance 
consisting  of  more  packages  than  one,  the  value  of  each  package 
must  be  declared  separately , but  the  charge  for  Insurance  must 
be  upon  the  aggregate  value  of  the  whole  number  ot  packages 

8.  Upon  goods  returned  unsold  from  exhibitions  at  hal 
rates,  the  full  charge  for  Insurance  must  in  all  cases  be  made 
up  to  ^500  declared  value ; above  that  amount,  by  special 

arrangement,  vide  Clause  6. 

n.  The  Company  at  the  Station  of  destination  reserves  tie 
right  of  sending  a representative  to  be  present  at  the  unpacking 
of  Insured  articles. 
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The  following  Lines  of  Steamers  adopt  the  foregoing  general 
arrangement  for  the  Insurance  of  goods  and  parcels,  viz.  • — 

Barrow  Steam  Navigation  Company. 

City  of  Cork  Steam  Packet. 

City  of  Dublin  Steam  Packet. 

Larne  and  Stranraer  Steamboat. 

A.  A.  Laird  & Company. 

Also  the  Dublin  and  Glasgow  Steam  Packet,  for  traffic  exchanged 
'with  the  Caledonian , Glasgow  and  South-Western , or  North 
Bi  ilish  Companies  via  Glasgow , but  not  for  any  other  traffic. 

1 he  following  do  not  adopt  the  general  arrangement,  viz.  : — 

Ayr  Steam  Shipping. 

Belfast  Steamship  Limited. 

Burns,  G.  & J. 

Carron  Company. 

Clyde  Shipping  Company. 

Dublin  and  Liverpool  Screw  Steam  Packet. 

Dublin,  Silloth,  and  Isle  of  Man  Steamers  (William  Sloan  & Co.). 
Dundalk  and  Newry  Steam  Packet. 

M.  Langlands  & Sons. 

Waterford  Steamship. 


INDEX. 


ABEL’S  electric  fuses,  i. 

„ ,,  tubes,  2. 

Absolute  alcohol,  99. 

Accidents  with  various  substances, 
227. 

Acetic  acid,  1. 

Acetone,  96. 

Acids,  1. 

Alcohol,  99. 

,,  amylic,  103. 

,,  ethylic,  99. 

,,  methyl,  102. 

Almond  oil,  87- 
Ammonia,  28. 

Ammonium  hydrate,  14,  229. 

,,  nitrate  powders,  1 50. 

Ammunition  class,  169. 

Amorces,  179. 

Anthracene,  62. 

Appendix,  339. 

Apricot  oil,  87. 

Aqua  fortis,  10. 

„ regia,  83. 

Arsenious  acid,  2. 

Asphalene,  164. 

Astatki,  83. 

Atomic  weights  of  elements,  344. 
Augendre’s  powder,  165. 


Beechnut  oil,  88. 
Behen  oil,  87. 


Benzine,  56. 

Benzol  fire,  184. 

,,  mineral  spirit,  230. 

Benzoline,  65. 

Bichloride  of  tin,  25. 

Bickford’s  patent  volley  firers,  176. 
Bisulphide  of  carbon,  96. 

Blasting  gelatine,  148,  230. 
Bleaching  powder,  22. 

Blown  oils,  89. 

Boiled  linseed  oil,  89. 

Bone  black,  122. 

„ fat,  91. 

,,  oil,  90. 

Bornhardt’s  electric  detonator  fuses, 
177- 

Brain’s  electric  fuses,  172. 
Brimstone,  113- 
Bromine,  IIS- 
Bronolith,  154- 
Butter  fat,  91. 

Butterine,  91. 


Cacao  butter,  89. 

Calcium  chloride,  20. 
Camelina  oil,  88. 

Camphor,  107. 
Camphorated  gelatine,  14S. 
Carbolic  acid,  58. 

Carbon  dioxide,  29. 


INDEX. 
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Carbonic  acid  gas,  29. 

,,  anhydride,  29. 

,,  disulphide,  96. 

Carbonite,  150. 

Cartridges  for  small  arms,  171. 

,,  cannon,  shells,  &c., 

171. 

Castellanos  powders,  148. 

Castor  oil,  89. 

,,  group  of  oils,  89. 

Caustic  potash,  16. 

j,  soda,  18. 

Charcoal,  122,  23S. 

Chinese  cabbage  oil,  87. 

,,  tallow,  89. 

Choke  damp,  29. 

Chlorate-mixture  class,  163. 

Chlorate  of  potash,  238. 

,,  potassium,  21. 

Chloride  of  iron,  21. 

,,  lime,  22. 

,,  sulphur,  26. 

,,  zinc,  26. 

Chlorine,  31. 

Chloroform,  9S. 

Chromic  acid,  3. 

,.  anhydride,  3. 

Classification  (railway)  of  dangerous 
goods,  289. 

Coad’s  explosive,  148. 

Coal,  1 19. 

,,  dust,  231. 

,,  gas,  compressed,  48. 

,,  gas  explosions,  233. 

».  tar,  53. 

,,  tar  distillation,  synopsis  of,  54. 

>,  tar  naphtha,  57. 

Cocoanut  oil,  90. 

).  oil  group,  90. 

,)  olein,  90. 

Cod  liver  oil,  91. 

».  oil,  91. 

Colliery  safety  lighters,  178. 
Collodion,  236. 


Colophony,  112. 

Coloured  fires,  183. 

Colza  oil,  87. 

Compressed  gases,  239. 

Cordite,  237. 

Corrosive  sublimate,  23. 

Cottonseed  oil,  88. 

,,  oil  group,  88. 

,,  stearin,  89. 

Crack  shots,  180. 

Creosote,  61,  241. 

Cress  seed  oil,  88. 

Crimson  fire,  1S4. 

Croton  oil,  89. 

Crude  petroleum,  63. 

Cylinders  for  compressed  gases,  39. 
>>  .)  ,,  con- 

struction of,  40. 


DAVEY’S  powders,  165. 

Dead  oil,  61. 

Detonators,  179,  249. 

Doeling  oil,  92. 

Drugs  and  chemicals,  packing  of, 

251- 

Dualine,  14S. 

Dynamite,  141,  241. 

,,  accidents  with,  243. 

,,  white,  149. 

Dynamogen,  165. 


C.  powders,  150. 

-•  • Ehrhardt’s  powders,  165. 

Electric  detonator  fuses  (Abel’s), 
176. 

Electric  detonator  fuses  (Born- 
hardt’s),  177. 

Electric  detonator  fuses  (Brain’s), 
177- 

Electric  detonator  fuses,  high  ten- 
sion, 177. 
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Electric  detonator  fuses,  high  ten- 
sion (Brain’s),  177- 
Electric  detonator  fuses,  low  ten- 
sion, 178. 

Electric  detonator  fuses  (Smith’s), 

J77- 

Electric  detonator  fuses  (Spon’s), 
178. 

E ectric  detonators,  176. 

,,  fuses,  172. 

Elswick  electric  tubes,  174. 

,,  mechanical  tubes,  179. 
Essential  oils,  93. 

Ether,  98. 

,,  accidents  with,  250. 

Ethylic  alcohol,  99. 

Explosive,  definition  of,  186. 

,,  dusts,  106. 

Explosives  Act,  1875*  1 85- 

,,  ,,  administration  of 

law,  205. 

Explosives  Act,  bye-laws,  196. 

,,  ,,  scope  of,  186. 

Explosives,  150,  185. 

,,  determination  of  stabi- 

lity of,  155. 

Explosives  — importation  licenses 
granted  to  various  ports,  223. 
Explosives  other  than  gunpowder, 
198. 

Explosives,  table  of.  authorised  to 
be  manufactured,  220. 

FACTORIES  and  magazines, 
licensing  of,  190. 

Factories  and  magazines,  regulation 
of,  190. 

Felt,  128. 

Ferric  chloride,  21. 

Fire  damp,  33. 

Fires,  causes  of,  in  Metropolis  for 
1S94,  277. 

Firework  composition,  1 79>  23&- 


Fireworks,  179. 

,,  manufactured,  180. 

,,  oriental,  180. 

Firing  tubes,  safety,  179. 

Fixed  oils  and  fats,  95. 

Flash-points  of  fixed  oils,  92. 

Flash  test,  directions  for  applying, 

79- 

Flour  mill  dust,  251. 

Flowers  of  sulphur,  1 1 3. 

Fluoric  acid,  5. 

Fog  signals  (railway),  170. 

Forcite,  148. 

French  green  powder,  166. 
Frigorific  mixtures,  Walker’s  list  of, 

350- 

Fulminate  class  of  explosives,  167. 
Fulminates,  &c.,  168. 

Fuming  liquor  of  Libavius,  25. 
Fusel  oil,  103. 

Fuses  for  shells,  174,  178. 


Gases,  28. 

Gasolene,  accidents  with,  252. 
Gelatine  dynamite,  149. 

Globe  oil,  81. 

Glukodine,  149. 

Goetz’s  powder,  166. 

Grape  seed  oil,  88. 

Green  fire,  184. 

Gun-cotton,  144. 

,,  fuses,  175. 

Gunpowder,  accidents  with,  252. 

,,  conveyance  of,  195. 

„ class  of  explosives,  133. 
,,  fuses,  175. 

,,  manufacture  and  keep- 
ing of,  189. 

Gunpowder,  sale  of,  194- 
,,  stores  for,  192. 

HAHN’S  powder,  166. 

Hay,  126. 
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Hazelnut  oil,  88. 

Heavy  oil,  61. 

Hempseecl  oil,  88. 

Hercules  powder,  149. 

High  tension  electric  fuses,  172. 
Highly  inflammable  liquids,  various, 
96. 

Horse  fat,  91. 

Horsley’s  powder,  166. 

Hydrocarbon  oil,  81. 

Hydrochloric  acid,  6. 

Hydrocyanic  acid,  4. 

Hydrofluoric  acid,  5. 

Hydrogen,  32. 

Hydrometer  tables,  343. 

T NDIARUBBER  solution,  104. 

-L  Indiarubber  solution,  accidents 
with,  254. 

Inflammable  liquids,  53. 
Instantaneous  fuse,  175. 

Insurance  of  goods,  conditions,  354. 

>>  ,,  scale  of  charges, 

353- 

T ALINE,  166. 

J Japan  wax,  90. 

Johnson’s  powders,  150. 

KELLOW’S  powder,  166. 

Kerosene,  67. 

Knaffl’s  powder,  166. 

Kohler’s  powder,  166. 

Kraft,  149. 


LAMP  accidents,  255. 

Lamp  black,  122. 
Lard,  91. 

,,  oil,  90. 

,,  oil  group,  5. 


Laughing  gas,  34. 

Laurel  camphor,  107. 

,,  oil,  90. 

Light  carburetted  hydrogen,  33. 
Lilac  fire,  184. 

Lime,  15. 

,,  accidents  with,  261. 
Linseed  oil,  88. 

Liquid  bitumen,  63. 
Lithofracteur,  149. 


M AGIC  candle  pin  crackers, 

Magnesium,  xoS. 

Marsh  gas,  33. 

Menhaden  oil,  91. 

Mercuric  bichloride,  23. 

,,  chloride,  23. 

Methane,  33. 

Methylated  ether,  98. 

,,  spirits,  264. 

Mineral  burning  oil,  67. 
oil,  63. 

,,  oil  (lubricating),  81. 
Monnier’s  powder,  166. 

Muriate  of  iron,  21. 

,,  tin,  25. 

Muriatic  acid,  6. 

Myrtle  wax,  90. 


APLITHA,  accidents  with, 
264. 

Naphtha,  description  of,  58. 

,,  mineral,  65. 

,,  solvent  and  burning,  57. 

Naphthalene,  60. 

Neat’s  foot  oil,  90. 

Nisser’s  powder,  166. 
Nitrate-mixture  class  of  explosives 
135- 

Nitrate  of  potash,  24. 
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Nitrate  of  potassium,  24. 

Nitre,  24. 

Nitric  acid,  9. 

,,  accidents  with,  265. 
Nitro-compound  class  of  explosives, 
139- 

Nitroglycerine,  140. 
Nitro-hydrochloric  acid,  10. 

Nitro  molasses,  1 5 1 . 

Nitro-muriatic  acid,  10. 

Nitrous  oxide,  34. 

,,  accidents  with,  266. 
Nutmeg  butter,  89. 

OIL  gas,  35. 

Oil  of  black  mustard,  87. 

Oil  of  turpentine,  95. 

,,  vitriol,  II. 

,,  white  mustard,  87. 

Oily  goods,  124. 

,,  waste,  accident  with,  267. 
Oleomargarine,  91. 

Oleonaphtha,  81. 

Olive  oil,  87. 

„ group,  87. 

Outrages  and  attempts,  1881-1893, 
278. 

Oxalic  acid,  8. 

Oxygen,  36. 

PACKING  explosives,  table  of, 
296. 

Palm-nut  oil,  90. 

Palm  oil,  89. 

,,  group,  89. 

Paraffin  wax,  84. 

Perchloride  of  iron,  21. 

„ mercury,  23. 
Percussion  caps,  170. 

Peroxide  of  hydrogen,  116. 

,,  sodium,  accidents  with, 
268. 

Petragit,  151. 


Petralite,  151. 

Petrofracteur,  151. 

Petroleum,  14. 

,,  accidents  with,  269. 

„ Act,  75. 

,,  residuum,  83. 

,,  spirit,  65. 

,,  storage  of,  68. 

,,  tank  ships,  management 

of,  70. 

Petroleum  test  apparatus,  specifica- 
tion of,  77- 

Petroleum  vapour,  test  for,  in  ships, 
7i- 

Phenic  acid,  58. 

Phenol,  58. 

Phosphorus,  109. 

Photogene,  67. 

Picric  acid,  144,  273. 

,,  powders,  147,  1 54- 
Pintsch’s  gas,  35. 

Poisonous  gases,  271. 

Pope’s  gas,  35. 

Poppyseed  oil,  88. 

Porpoise  oil,  91. 

Potash,  16. 

Potassium,  III. 

,,  hydrate,  16. 

,,  nitrate,  271. 

Potato  spirit,  103. 

Prussic  acid,  5. 

Protoxide  of  nitrogen,  34. 

Purple  fire,  184. 

Pyroligneous  acid,  1. 

Pyronome,  166. 

Pyrotechnic  fuses,  Pain  s instant 
aneous,  175. 

QUICKLIME,  15- 

RACK-a-rock,  167. 

Railway  regulations,  292. 


INDEX. 


Rape  oil,  87. 

Red  fire,  4. 

Rendrock,  149. 
Reveley’s  powder,  166. 
Roburite,  15 1. 

Rock  oil,  63. 

Roger’s  explo.-ive,  167. 
Rosin,  1 12. 


SAFETY  cartridges,  171. 

Safety  firing  tube  No.  1,  171. 
Safety  fuse,  17  x. 

Sal  volatile,  14. 

Saltpetre,  24. 

Schlesinger’s  powder,  167. 

Schultze  gunpowder,  1 52. 

Scotch  firseed  oil,  88. 

Seal  oil,  91. 

Sesame  or  teel  oil,  88. 

Shale  naphtha,  65. 

Shark  liver  oil,  91. 

Sharp’s  powder,  167. 

Shells,  accidents  with,  272. 

Signal  rockets,  distress,  183. 
Smokeless  powder,  152. 

Snaps  for  bonbon  crackers,  183. 
Socket  distress  signals,  18 1. 

,,  light  signals,  182. 

,,  sound  signals,  181. 

Soda,  18. 

Sodium,  1 13. 

,,  amalgam,  18. 

,,  dioxide,  19. 

,,  hydrate,  18. 

,,  peroxide,  19. 

Sound  signal  rockets,  182. 

Specific  gravity  of  gases  and 
vapours,  347. 

Specific  gravity  of  important  salts, 
34§. 

Specific  gravity,  “real  and  pack- 
ing,” 347- 
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Specific  gravity  of  various  sub- 
stances, 346. 

Sperm  oil,  92. 

,,  group,  92. 

Spermaceti  group,  92. 

Spills  (German),  175. 

Spirit  of  hartshorn,  14. 

,,  salts,  6. 

,,  turpentine,  95. 

Spirits  of  wine,  99. 

Spon’s  electric  fuses,  173. 

Squibs,  miners’,  175. 

Stannic  chloride,  25. 

Steam,  temperature  of,  at  various 
pressures,  349. 

Stearin,  91. 

Substances  liable  to  “spontaneous” 
combustion,  118. 

Sulphur,  xi  3. 

,,  chloride,  26. 

,,  dioxide,  38. 

Sulphuric  acid,  11. 

,,  ether,  98. 

Sulphurous  acid,  3S. 


Tallow  oil,  90. 

Tallow  group,  91. 

Tallow  suet,  91. 

Tea  oil,  88. 

Thermometers,  comparison  of,  344. 
Throwdowns,  273. 

,,  accidents  with,  273. 
Tobacco  seed  oil,  88. 

Toluene,  56. 

Toluol,  56. 

Tonite  or  cotton  powder,  154. 

Tube  safety  fuse,  171. 

Tubes  for  firing  explosives,  176, 
179- 

Turpentine,  95. 

,,  accidents  with,  273. 
Turps,  95. 

Twaddle’s  hydrometer  table,  344. 

A 
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VACUUM  oil,  81. 

Varnish,  accident  with,  274. 
Vaselene,  83. 

Vegetable  black,  122. 

Vigorite,  155. 

Vril,  167. 

Vulcan  powder,  149. 

WAFFEN’S  dynamite,  150. 

Walnut  oil,  88. 

War  rockets,  176. 

Water  white  oil,  67. 

Weights  and  measures,  339. 

,,  ,,  avoirdupois, 

339- 

Weights  and  measures,  Troy,  339. 

,,  ,,  British 

Pharmacopoeia,  340. 

Weights  and  measures,  metric  sys- 
tem, 340. 


Weights  and  measures,  metric  and 
English  conversion  table,  341. 
Weldseed  oil,  88. 

Whale  oil,  91. 

group,  91. 

White  Indian  fire,  184. 

,,  wine  vinegar,  1. 

Wood  naphtha,  102. 

,,  spirit,  102. 

,,  spontaneous  combustion  of, 
274- 

Wool  fat,  91. 

XYLONITE,  accidents  with, 
275. 

^INC  chloride,  26. 
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pages;  and  there  are  rules  given  for  several  ralr.daHnp.  i?-a?  aFe’  occuPying  five  and-a-half 
pocket-books,  as,  for  example  that  on  page  49?  for  eStr  at' Ies  Snno‘  be  found  in  other 
of  priming  in  any  known  weight  of  steam.  It  is^rv  dffficuft  in  hi ty  of  water  ia  the  shape 
in?  subject  concerning  which  this  work  suodIiS.  Ss,™,,-  to  hlt  ,uP»n  any  mechanical  engineer- 
adds  to  its  utility.  In  one  word,  it  L an  exceedinlll  tl0ni  anJ  l.he  cxceII™t  index  at  thelnd 
the  engineer  will  be  saved  many  a wearisom?  cflcuiario^  or d e.ffic,ent  tool., Possessed  of  which 
various  text-books  and  treatises,  and,  as  s”h  we  can  he, ^ m°re  wearisome  hunt  through 

more  room  and  deals  at  more  length  with  many  takes 

“ It : would  be  found  difficult  to  compress  more  • . .,  The  Engineer. 
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Handbook  for  Works’  Managers. 

THE  WORKS’  MANAGER'S  HANDBOOK  OF  MODERN 
RULES,  TABLES,  AND  DATA.  For  Engineers,  Millwrights,  and  Boiler 
Makers:  Tool  Makers,  Machinists,  and  Metal  Workers;  Iron  and  Brass 
Founders,  & c.  By  W.  S.  Hutton,  Civil  and  Mechanical  Engineer.  Author 
of  “The  Practical  Engineer’s  Handbook."  Fifth  Edition,  carefully  Re- 
vised, with  Additions.  In  One  handsome  Volume,  medium  8vo,  price  15s. 
strongly  bound.  r J published. 

IS-  The  Author  having  compiled  Rules  and  Data  for  his  own  use  in  a great 
variety  of  modern  engineering  work,  and  having  found  his  notes  extremely  useful, 
decided  to  publish  them — revised  to  date — believing  that  a practical  work , suited  to 
the  DAILY  requirements  of  modern  engineers,  would  be  favour  ably  received. 

In  the  Fourth  Edition  the  First  Section  has  been  re-written  and  improved  by  the 
addition  of  numerous  Illustrations  and  new  matter  relating  to  Steam  Engines  and 
Gas  Engines.  The  Second  Section  has  been  enlarged  and  Illustrated , and  through- 
out the  book  a great  number  of  emendations  and  alterations  have  been  made,  with  toe 
object  of  rendering  the  book  more  generally  useful. 

* * Opinions  of  the  Press 


* UrlNIUMa  l n c,  fkc.3  o. 

“The  author  treats  every  subject  from  the  point  of  view  of  one  who  has  collected  workshop 
notes  for  application  in  workshop  oraett-**,  rather  than  from  the  theoretical  or  literary  aspect. .1 
volume  contains  a great  deal  of  that  Kina  of  information  which  ts  gained  only  by  practical  expedi- 
ence. and  is  seldom  written  in  books.” — E nginccr.i  ....  , . - _ - 

"The  volume  is,  an  exceedingly  useful  one.  brimful  with  engineers  notes,  memoranda,  and 
rules,  and  well  worthy  of  being  on  every  mechanical  engineers  bookshelf.  —Afcc/tarrual  World. 

" The  information  is  precisely  that  likely  to  be  required  in  practice.  . . . The  work  forms  a 
desirable  addition  to  the  library  not  only  of  the  works'  manager,  but  of  anyone  connected  with 

een<;f^  fofmj^able' 'mass’of' ’farts  and  figures,  readily  accessible  through  an  elaborate 

. Such  a volume  will  be  found  absolutely  necessary  as  a book  of  reference  in  all  sorts 

of  ' works  ' connected  with  the  metal  trades."— Ryland’s  Iron  Trades  Cirntlar.  , 

••  Brimful  of  useful  information,  stated  in  a concise  form,  Mr.  Hutton  s books  have  5 ' P 

ng  want  among  engineers.  The  book  must  prove  extremely  useful  to  every  practical  mao 
possessing  a copy.” — Practical  Engineer . 


possessing  a.  copy.  — r / . 

New  Manual  for  Practical  Engineers. 

THE  PRACTICAL  ENGINEER'S  HAND-BOOK.  Comprising 
a Treatise  on  Modern  Engines  and  Boilers':  Marine,  Locomotive  and  Sta- 
tionary. And  containing  a large  collection  of  Rules  and  Practical  Data 
relating  to  recent  Practice  in  Designing  and  Constructing  all  kinds  of 
Engines,  Boilers,  and  other  Engineering  work.  The  whole  constituting  a 
comprehensive  Key  to  the  Board  of  Trade  and  other  Examinations  for  Certi- 
ficates of  Competency  in  Modern  Mechanical  Engineering.  By  Walter  S. 
Hutton,  Civil  and  Mechanical  Engineer,  Author  of  The  Works  Manager  a 
Handbook  for  Engineers,”  &c.  With  upwards  of  370  Illustrations.  Fourth 
Edition,  Revised,  with  Additions.  Medium  8vo,  nearly  500  pp.,  price  18s. 

tsr  This  work  is  designed  as  a companion  to  the  Author's  " Works’ 
Manager’s  Hand-book.”  It  possesses  many  new  and  original  feajuJes FPg 
tains  like  its  predecessor,  a quantity  of  matter  not  ongmally  intended  for  publica- 
tion, ’ but  collected  by  the  author  for  his  own  use  in  the  construction  of  a.  great  variety 
0/ Modern  Engineering  Work 


in  a ’ condensed  and  concise  form  and. 

ubwards  of  370  Woodcuts  ; and  comprises  a quantity  of  tabulated  niatter^of  great 
“1,  ?. j nr  p.stime. 


ubwards  of  X70  Woodcuts',  ana  comprises  u v/.  " 

value  to  aU  engaged  in  designing,  construing,  or  estimating  for  Engines,  Boilers, 

and  other  Engineering  Work. 

V Opinions  of  the  Press. 

We  have  kept  it  at  hand  for  several  weeks,  referring  to  it  as  occasion  arose.  «t 

on  a single  occasion  consulted  its  pages  without  finding  the  information  of  which  we  were  in  ques  . 

^ “^thoroughly  good  practical  handbook,  which  no  engineer  can  go  through  without  learning 

“m^An^eud  » Suable  text-book  for  students  o, 

^P^^vaTuabt'ma.ual  embodies  the  results  and  experience  of  the  leading  authorities  on 

mecl!^pj^g  am^^eh^sn^Uec^ed  tog^he^a^surprlslng  quantity  i^im^mibt^^'tMs^imkls 

one't|Of  die'mos^u^fu/of  its  kfnd^ubfishe^^^^wii^b^a  *vni^ a ^oim^h^Hl^ca^b^eas^ 
“ A mass  of  information,  set  down  in  simple  lai  gu  J>  • , .«  r\,osen  ancj  is  greatly  elucidated 

ST cn,;incers  sbelves’ where  itwm  raI>k  “ 

one,?p\J1uJfusefitiebifw^^fo^fand^houW,befo^di^Ui^c>ffice" shelf  of  all  practical  engineers." 
— English  Mechanic 
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MR.  HUTTON’S  PRACTICAL  HANDBOOKS  — continued. 

Practical  Treatise  on  Modem  Steam-Toilers. 

STEAM-BOILER  CONSTRUCTION.  A Practical  Handbook 

tor  Engineers,  Boiler-Makers,  and  Steam  Users.  Containing  a large  Col- 
lection of  Rules  and  Data  relating  to  Recent  Practice  in  the  Design,  Con- 
struction, and  Working  of  all  Kinds  of  Stationary,  Locomotive,  and  Marine 
Steam-Loi  ers.  By  Walter  S.  Hutton,  Civil  and  Mechanical  Engineer, 

. £“thJ£  „Tbe  Works’  Manager’s  Handbook,”  “The  Practical  Engineer’s 
Handbook,  &c.  With  upwards  of  300  Illustrations,  Second  Edition. 
Medium  8vo,  18s.  cloth. 

hv  tkfjJhl?  wprk  ii4SSUe-,i  in  co”tin«ation  of  the  Series  of  Handbooks  written 
by  the  Author,  viz The  Works  Manager’s  Handbook  ” and  “The  Ppacti- 

tit  V H™0K’:  whicl1  are  so  hiShly  appreciated  by  Engineers  for 

style  fs  those  works  ° their  lnformaUon  ! and  is  consequently  written  in  the  same 

Author  believes  that  the  concentration,  in  a convenient  form  for  easy  refer- 
win  hi  If  a}arSC  amount  of  thoroughly  practical  information  on  Steam-Boilers, 

III  lderabl cjervice  to  those  for  whom  it  is  intended,  and  he  trusts  the  book 

predecessors’ worthy  °S  as  favourable  a reception  as  has  been  accorded  to  Us 

. ***  Opinions  of  the  Press. 

volume  design  and  management,  is  clearly  laid  before  the  reader.  The 

scie^L  • and  cMrh  construction  has  been  reduced  to  the  condition  of  one  of  the  most  exact 
the  utm°st  Talue  ‘he  fin  de  siicte  Engineer  and  Work? 

now'becl^se  Mr0H^,nnnV°f  mTod.ern  handbook  on  steam  boilers  ; there  is  not  that  room 

Piedli^l^^  rHr'u^°  °!dasignfselectioIn,Lovu^°oT^^Iers.I'^tif«gi^irrr  th°Se  Wh°  are  0C- 

Ma?hS%fr«™et  Str°nffIy  recommend  the  book  for  the  intrinsic  value  of  its  contents."- 

aU  ve™ frelh1' Ind^H^mn^dw,  1lar?,y  b,e  over-estimated.  The  author’s  rules,  formula:.  &c„  an 

and  not  find  what  you  waEt-  n°  prac!kai 

Hutton’s  “ Modernised  Templeton 

VlMTni?RrACT-AL  MECHANICS'  WORKSHOP  COM- 

in  MpVh^nl£‘iIQ^JSing  a g','fat  vanety  of  the  most  useful  Rules  and  Formula: 
l?tpd  p u i S?Ien.9?’  "!lth  numerous  Tables  of  Practical  Data  and  Calcu- 
TONd  Author  of^TheRn1-5  Me,chamcal  Operations.  By  Willi, am  Temple- 
utS)or  ?*  ,Tile  Engineer  s Practical  Assistant,”  &c.  &c.  Seventeenth 
Edition,  Revised,  Modernised,  and  considerably  Enlarged  by  Walter  S 

PTanHnM  v 'E-'’  At?th?T  of  “The  Works’  Manager’s  Handbook,”  “The 
Practical  Engineer  s Handbook,"  & c.  Fcap.  8vo,  nearly  500  dp  with  8 

wo'ks'hop  o^ "pXt^lr'Ind't'e^ atiVS  Diagrams’  6s”  stro^V  bound  for 

_ ***  Opinions  of  the  Press. 


to  useful  book 

Templeton’s  Engineer’s  and  Machinist’s  Assistant 
^RACTICAL^s^ista'nt1^ KRIGHT  's > and  MACHINIST’S 

ASSISTANT.  A collection  of  Useful  Tables  Rules  anH  TWn 
y William  Templeton.  7th  Edition,  with  Additions.  i8mo,  2s.  6 d do/b’ 
, , ***  Opinions  of  the  Press 

tlce  to  an  appien- 

Mejutt™™**  P0PUlar  WOrk’  “ ^ *» 
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Foley’s  Office  Reference  Book  for  Mechanical 
Engineers. 

THE  MECHANICAL  ENGINEER'S  REFERENCE  BOOK, 
for  Machine  and  Boiler  Construction,  In  Two  Parts.  Part  I.  General 
Engineering  Data.  Part  II.  Boiler  Construction.  With  51  Plates  and 
numerous  Illustrations.  By  Nelson  Foley,  M.I.N.A.  Second  Edition, 
Revised  throughout  and  much  Enlarged.  Folio,  £3  3s.  net  half-bouDd. 

Summary  of  Contents.  [Just  published. 


PART  I. 


Measures. — Circumferences  and 
Areas,  &c.,  Squares,  Cubes,  Fourth 
Powers. — Square  and  Cube  Roots. — 
Surface  of  Tubes — Reciprocals. — 
Logarithms. — Mensuration.  — Spe- 
cific Gravities  and  Weights. — 
Work  and  Power. — Heat.— Combus- 
tion.— Expansion  and  Contraction. 
— Expansion  of  Gases. — Steam. — 
Static  Forces. — Gravitation  and 
Attraction. — Motion  and  Computa- 
tion of  Resulting  Forces. — Accu- 
mulated Work.— Centre  and  Radius 


of  Gyration. — Moment  of  Inertia. 
— Centre  of  Oscillation. — Elec- 
tricity.— Strength  of  Materials. 
— Elasticity.  — Test  Sheets  of 
Metals.—  Friction.  — Transmission 
of  Power. — Flow  of  Liquids. — Flow 
of  Gases. — Air  Pumps,  Surface  Con- 
densers, &c. — Speed  of  Steamships. 
— Propellers.  — Cutting  Tools. — 
Flanges.  — Copper  Sheets  and 
Tubes. — Screws,  Nuts,  Bolt  Heads, 
&c. — Various  Recipes  and  Miscel- 
laneous Matter. 


With  DIAGRAMS  for  Valve-Gear,  Belting  and  Ropes,  Discharge  and 
Suction  Pipes,  Screw  Propellers,  and  Copper  Pipes. 


Treating  of,  Power  of  Boilers. — 
Useful  Ratios. — Notes  on  Con- 
struction. — Cylindrical  Boiler 
Shells.  — Circular  Furnaces.  — 
Flat  Plates.  — Stays.  — Girders.— 
Screws.  — Hydraulic  Tests.  — 
With  DIAGRAMS  for  all  Boiler 


11. 

Riveting. — Boiler  Setting,  Chim- 
neys, and  Mountings. — Fuels,  &c. — 
Examples  of  Boilers  and  Speeds  of 
Steamships. — Nominal  and  Normal 
Horse  Power. 

Calculations  and  Drawings  of  many 


Varieties  of  Boilers. 


***  Opinions  of  the  Press. 

" The  book  is  one  which  every  mechanical  engineer  may,  with  advantage  to  himself  add  to 
his  library.” — Industries. 

“ Mr.  Foley  is  well  fitted  to  compile  such  a work.  . . . The  diagrams  are  a great  feature 
of  the  work.  . . . Regarding  the  whole  work,  it  may  be  very  fairly  stated  that  Mr.  Foley  has 

produced  a volume  which  will  undoubtedly  fulfil  the  desire  of  the  author  and  become  mdispen- 
sable  to  all  mechanical  engineers." — Marine  Engineer. 

" We  have  carefully  examined  this  work,  and  pronounce  it  a most  excellent  reference  book 
for  the  use  of  marine  engineers." — Journal  of  American  Society  cf  Naval  Engineers . 

• • A veritable  monument  of  industry  on  the  part  of  Mr.  Foley,  who  has  succeeded  in  producing 
what  is  simply  invaluable  to  the  engineering  profession.”  Slea?nshi6. 


Coal  and  Speed  Tables. 

A POCKET  BOOK  OF  COAL  AND  SPEED  TABLES,  for 

Engineers  and  Steam-users.  By  Nelson  Foley,  Author  of  “ The  Mechanical 

Engineer's  Reference  Book.”  Pocket-size,  3s.  6 d.  cloth. 

"These  tables  are  designed  to  meet  the  requirements  of  every-day  use ; they  are  of  suffi- 
cient scope  for  most  practical  purposes,  and  may  be  commended  to  engineers  and  users  of 
steam.?’ — Iren  _ /. 

“ This  pocket-book  well  merits  the  attention  of  the  practical  engineer.  Mr.  Foley  has  com- 
piled a very  useful  set  of  tables,  the  information  contained  In  which  te  frequently  required  by 
engineess,  coal  consumers  and  users  of  steam." — Iron  and  Coal  Trades  Review, 


Steam  Engine. 

TEXT -BOOK  ON  THE  STEAM  ENGINE.  With  a Sup- 
plement on  Gas  Engines,  and  Part  II.  on  Heat  Engines.  By  T.  M. 
Goodeve,  M.A.,  Barrister-at-Law,  Professor  of  Mechanics  at  the  Royal 
College  of  Science,  London;  Author  of  "The  Principles  of  Mechanics, 
"The  Elements  of  Mechanism,"  &c.  Twelfth  Edition,  Enlarged.  With  nu- 
merous Illustrations.  Crown  8vo,  6s.  cloth.  

“Professor  Goodeve  has  given  us  a treatise  on  the  steam  engine  which  will  bear  comparison 
with  anything  written  by  Huxley  or  Maxwell,  and  we  can  award  it  no  lu^he.r  » 

“ Mr.  Goodeve’s  text-book  is  a work  of  which  every  young  engineer  should  possess  hinudt. 
—Mining  Journal. 
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Gas  Engines. 

ON  GAS-ENGINES.  With  Appendix  describing  a Recent 
Engine  with  Tube  Igniter.  By  T.  M.  Goodeve,  M.A.  Crown  8vo,  zs.  6 d 
_ . ..  [Just  published. 

It  is  n°  eXCept‘0n  ln  point  of  eeneral  e*ceUene«- 

Steam  Engine  Design. 

£ HANDBOOK  ON  THE  STEAM  ENGINE , with  especial 
Reference  to  Small  and  Medium-sized  Engines.  For  the  Use  of  Engine- 
Makers,  Mechanical  Draughtsmen,  Engineering  Students  and  Users  of  Steam 
Antwr  Hbrman  Haeder,  C.E.  English  Edition,  Re-edited  by  the 
Aam?  f t,h?,SecoPd  German  Edition,  and  Translated,  with  considerable 
Additions  and  Alterations,  by  H.  H.  P.  Powles,  A.M.I.C.E.,  M.I.M  E.  With 
^nearly  1,100  Illustrations.  Crown  8vo,  g s.  cloth. 

perfect  encyclopaedia  of  the  steam  engine  and  its  details,  and  one  which  must  take  a ner- 
manent  place  m English  d rawing- offices  and  workshops.”-.*  Foreman  PatU^mlker  P 

structio^  and  d?°k’  iPld  shou!d  be  m the  hands  of  all  who  are  interested  in  the  con- 

r„,i  ,K°n  and  des,8f  of  medium-sized  stationary  engines.  ...  A careful  studv  of  its  contents 
like  "teSn  of 'hhep secfions  leads  to  the  conclusion  that  there  is  probably  no  other  book 
tVcTal' ya  ci^plele  a^evemeift'of^hu'idea/’— e*perie—  * 
desigiOand^onstrucdon  of^htTstwm  “ *°  in  the 

Steam  Boilers. 

A TREATISE  ON  STEAM  BOILERS : Their  Strength,  Con - 

Z™Z'X*COn°mlCal  Worhins‘  By  Robert  Wilson,  C.E.  Fifth  Edition. 

‘■The  =,e?h  trCvtise  ‘J??1  ever  been  published  on  steam  boWeTS."— Engineer 

ploylr^^st^m'power'to  pbssess  Um^^el^sllf  the  work/’^^y/a«^'rV/t-^ea7>a^ecf^t^r?  ^ Cm 

Boiler  Chimneys. 

* L°/iEhR,/N?*ACZ?RY  CHIMNEYS;  Their  Draught-Power 

wfLS0N  A ^CE  imho?  fa?‘!rm°n  lightning  Conductors.  By  Robert 
.Ed™'  cJoCwn^o,U3r  06d0fcIo^Treat,Se  “ St6am  Boilers &c'  Second 
“ A valuable  contribution  to  the  literature  of  scientific  building." — The  Builder. 

Boiler  Making. 

THE  BOILER-MAKER'S  READY  RECKONER  &■  ASSIST. 

Wl‘h  Examples  of  Practical  Geometry  and  Templating,  for  the  Use 

M i c f ' Tb-1  dS#!rd-RlVetoerS'  By  John  Courtney,  Edited  by  D.  K Clark 
M.UC.E.  Third  Edition,  480  pp„  with  140  Illusts.  Fcap.  8vo  7 s half  hound’ 
No  workman  or  apprentice  should  be  without  this  book ."-Iron  T,Zdi  Circular. 

Locomotive  Engine  Development. 

THE  LOCOMOTIVE  ENGINE  AND  ITS  DEVELOPMENT 

Ksarsisxsa  ssssk*--  - ziS 

better^knowledge  <oftthe  history  arui*  development%fTh^T  t°  ““  Probab>y  has  a 

should  be  of  vafie  to  all  b^o.c . 1 

£or  Engineering  Work,  Ate. 

K cJNG  ESTIMATES,  COSTS  AND  ACCOUNTS: 

E ifgi  n (F^t  ea^B^'l W 6 ^Wor  k , ffieUMe^Prod^S^sSSS; 

,.§»u“b/a  s»!S  SS“  EKr*,ion  c°“ 

every  factory  and  workshop  ™v'.  Ur^bM\tbta^S^e'b^t‘mftttX  ‘ u conslant  requisition  ln 
aiso  to  the  estimate  department  of  every  works. "-Buildtl  °Dly  *°  the  young  “Bineer,  but 

manner,  andChMrshfh7o0ughout^ o^dence^Uhetafmatrmlc?11  ifB’Ten.in  a P1™1,  straightforward 
every  phase  of  commercfal  engi^ering!"l&»^  wlrld  acqUamtance  °f  the  author  with 
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Fire  Engineering. 

FIRES , FIRE-ENGINES,  AND  FIRE-BRIGADES.  With 
a History  of  Fire-Engines,  their  Construction,  Use,  and  Management;  Re- 
marks on  Fire-Proof  Buildings,  and  the  Preservation  of  Life  from  Fire  ; 
Statistics  of  the  Fire  Appliances  in  English  Towns  ; Foreign  Fire  Systems  ; 
Hints  on  Fire-Brigades,  &c.  &c.  By  Charles  F.  T.  Young,  C.E.  With 
numerous  Illustrations.  544  pp.,  demy  8vo,  £1  4s.  cloth. 

“ To  those  interested  in  the  subject  of  fires  and  fire  apparatus,  we  most  heartily  commend  this 
book.  It  is  the  only  English  work  we  now  have  upon  the  subject."—  Engineering-. 

"It  displays  much  evidence  of  careful  research;  and  Mr.  Young  has  put  his  facts  neatly 
together  His  acquaintance  with  the  practical  details  of  the  construction  ol  steam  fire  engines, 
old  and  new,  and  the  conditions  with  which  it  is  necessary  they  should  comply,  is  accurate  and 
full."— Engineer. 


Boilermaking . 

PLATING  AND  BOILERMAKING  : A Practical  Handbook 
for  Workshop  Operations.  By  a Foreman  Pattern-Maker,  Author  of 
“Pattern  Making,’’  &c.  380  pages,  with  338  Illustrations.  Crown  8vo, 

ys.  6 d.  cloth.  [Just  published. 

" A thoroughly  practical,  plainly-written  treatise.  The  volume  merits  commendation.  I he 
author's  long  experience  enables  him  to  write  with  full  knowledge  of  ins  subject.  ■— Glasgow  Herald. 


Engineering  Construction. 

PATTERN -MAKING  : A Practical  Treatise,  embracing  the  Main 

Types  of  Engineering  Construction,  and  including  Gearing,  both  Hand  and 
Machine  made,  Engine  Work,  Sheaves  and  Pulleys,  Pipes  and  Columns, 
Screws,  Machine  Parts,  Pumps  and  Cocks,  the  Moulding  of  Patterns  in 
Loam  and  Greensand,  See.,  together  with  the  methods  of  Estimating  the 
weight  of  Castings;  to  which  is  added  an  Appendix  of  Tables  for  Workshop 
Reference.  By  A Foreman  Pattern  Maker.  Second  Edition,  thoroughly 
Revised  and  much  Enlarged.  With  upwards  of  45°  Illustrations.  Crown 
8vo  75  6 d cloth  L/wsr  puolisri^u. 

" A well-written  technical  guide,  evidently  written  by  a man  who  understands  and  has  prac- 
tised what  he  has  written  about.  . 1 . We  cordially  recommend  it  to  engineering  students  young 
hiumeyrnen  and  others  desirous  of  being  initiated  into  the  mysteries  of  pattern-making  -Builder. 

"Mdre  thaiT 450  illustrations  help  to  explain  the  text,  which  is,  however,  always  clear  and  ex- 
pliclt,  thus  rendering  the  work  an  excellent  -Jade  mecum  for  the  apprentice  who  desires  to  become 
master  of  his  trade."— English  Mechanic. 

Dictionary  of  Mechanical  Engineering  Terms. 
LOCKWOOD'S  DICTIONARY  OF  TERMS  USED  IN  THE 
P RA  CTICE  OF  M ECHA  NIC  A L ENGINEERING,  embracing  those  current 
in  the  Drawing  Office,  Pattern  Shop,  Foundry  Fitting^ Turning  Smith  s and 
UrtiiAr  Qhmv;  frr  &c  Comprising  upwards  of  6,000  Definitions.  Edited  by 
^Foteman'  ^at^e'rn-Maker,  Author  of  “Pattern  Making."  Second 
Edition  Revised,  with  Additions.  Crown  8vo,  ys.  6 d.  cloth. 

g'neering.  thTherpracdc^tCmlgiiieerin^  pupiL  wiU  find^di^book  ^of  great^al^e^iil1  t^sbldie^  and 
every  foreman  ^ extern  “to  a mosVmTufbleTuide.  It  strikes  us  as 

a hapw^dw  to  «n?b4  wIS'a  definition  of  the  phrase  useful  information  on  the  subject  of  which 
it  treats.” — Machinery  Market. 

Mill  Gearing.  . , „ i r a 

TOOTHED  GEARING:  A Practical  Handbook  for  Offices  and 
Workshops.  By  A Foreman  Pattern  Maker,  Author  of“  Pattern  Making 
“l°ockwoPod’s  Dictionary  of  Mechanical  Engineering  Terms  ^ to  With 
184  Illustrations.  Crown  8vo,  6s.  cloth.  Lj  P 

Summary  of  Contents. 


Chap.  I.  Principles.— II.  Forma- 
tion of  Tooth  Profiles.— III.  Pro- 
portions of  Teeth.-IV.  Methods 
of  Making  Tooth  Forms.— V.  Invo- 
lute Teeth. — VI.  Some  Special 
Tooth  Forms.— VII.  Bevel  Wheels. 

— VIII.  Screw  Gears.  — IX.  Worm 

Gears.— X.  Helical  Wheels.— m'ue  for  its  thoroughness  of  treatment,  and  we  ran 
bea^re”  mm?nd  i?  m " rested  as  theP most  practical  bool  on  the  subject  yet  written.  - 
Mechanical  IVorld. 


Skew  Bevels— XII.  Variable  and 
other  Gears— XIII.  Diametrical 
pIXCH._XIV.  The  Odontograph.— 
XV.  Pattern  Gears.— XVI.  Machine 
Moulding  Gears. — XVII.  Machine 
Cut  Gears.— XVIII.  Proportion  of 
Wheels. 
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Stone-working  Machinery. 

STONE-WORKING  MACHINERY,  and  the  Rapid  and  Economi- 
cal  Conversion  of  Stone . With  Hints  on  the  Arrangement  and  Management 
of  Stone  Works.  By  M.  Powis  Bale,  M.I.M.E.  With  Illusts.  Crown  «vo,  9s. 
“The  book  should  be  in  the  hands  of  every  mason  or  student  of  stone-work.” — Colliery 
Guardian. 

“ A capital  handbook  for  all  who  manipulate  stone  for  building  or  ornamental  purposes.’’— 
Machinery  Market . 


Pump  Construction  ancl  Management. 

PUMPS  AND  PUMPING  : A Handbook  for  Pump  Users.  Being 
Notes  on  Selection,  Construction  and  Management.  By  M.  Powis  Bale, 
M.I.M.E.,  Author  of  11  Woodworking  Machinery,”  “ Saw  Mills,”  &c.  Second 
Edition,  Revised.  Crown  8vo,  2s.  6d.  cloth. 

” The  matter  is  set  forth  as  concisely  as  possible.  In  fact,  condensation  rather  than  diffuseness 
has  been  the  author’s  aim  throughout;  yet  he  does  not  seem  to  have  omitted  anything  likely  to  be 
of  use.” — Journal  of  Gas  Lighting. 

“ Thoroughly  practical  and  simply  and  clearly  written."— Glasgow  Herald. 

Milling  Machinery , etc. 

MILLING  MACHINES  AND  PROCESSES:  A Practical 
Treatise  on  Shaping  Metals  by  Rotary  Cutters,  including  Information  on 
Making  and  Grinding  the  Cutters.  By  Paul  N.  Hasluck,  Author  of  “ Lathe- 
work,”  ” Handybooks  for  Handicrafts,”  &c.  With  upwards  of  300  Engrav- 
ings, including  numerous  Drawings  by  the  Author.  Large  crown  8vo,  352 
pages,  12s.  6 d.  cloth. 

“A  new  departure  in  engineering  literature.  ...  We  can  recommend  this  work  to  alt 
Interested  in  milling  machines  ; it  is  what  it  professes  to  be — a practical  treatise.” — Engineer. 

“A  capital  and  reliable  book,  which  will  no  doubt  be  of  considerable  service,  both  to  those 
who  are  already  acquainted  with  the  process  as  well  as  to  those  who  contemplate  its  adoption.” 

Industries. 

•WORK  : A Practical  Treatise  on  the  Tools 
and  Processes  employed  in  the  Art  of  Turning.  By  Paul 
Fifth  Edition,  Revised  and  Enlarged  Cr.  8vo,  5s.  cloth. 

“ Written  by  a man  who  knows,  not  only  how  work  ought  to  be  done,  but  who  also  knows  how 
to  do  it,  and  how  to  convey  his  knowledge  to  others.  To  all  turners  this  book  would  be  valuable.” 
—Engineering. 

“ We  can  safely  recommend  the  work  to  young  engineers.  To  the  amateur  It  will  simply  be 
invaluable.  To  the  student  it  will  convey  a great  deal  of  useful  information."— Engineer, 

Screw-Cutting. 

SCREW  THREADS  : And  Methods  oj  Producing  Them.  With 
Numerous  Tables,  and  complete  directions  for  using  Screw-Cutting  Lathes. 
By  Paul  N.  Hasluck,  Author  of  “Lathe-Work,”  &c.  With  Seventy-four 
Illustrations.  Third  Edition,  Revised  and  Enlarged.  V^aistcoat-pocket  size, 
xs.  6 d.  cloth.  r ’ 


, Appliances, 
N.  Hasluck. 


Turning. 

LATHE 


" Full  of  useful ! information,  hints  and  practical  criticism.  Taps,  dies  and  screwing-tools  gene- 
rally are  illustrated  and  their  action  described.”— Mechanical  World.  S B 

" It  is  a complete  compendium  of  all  the  details  of  the  screw-cutting  lathe ; In  fact  a multum 
in  farvo  on  all  the  subjects  it  treats  upon.”— Carpenter  and  Builder. 

Smith’s  Tables  for  Mechanics,  etc. 

TABLES,  MEMORANDA,  AND  CALCULATED  RESULTS, 

FOR  MECHANICS,  ENGINEERS,  ARCHITECTS,  BUILDERS,  etc. 
Selected  and  Arranged  by  Francis  Smith.  Fifth  Edition,  thoroughly  Revised 
and  Enlarged,  with  a New  Section  of  Electrical  Tables,  Formula!,  and 
^Memoranda.  Waistcoat-pocket  size,  is.  6 d.  limp  leather. 

. R would,  perhaps,  be  as  difficult  to  make  a small  pocket-book  selection  of  notes  and  formulae 
„ w n e".Elneers  5s  ;t  would  be  to  make  a universal  medicine ; but  Mr.  Smith's  waistcoat- 
pocket  collection  may  be  looked  upon  as  a successfuTattempt."— Engineer 

T he 2 best  example  we  have  ever  seen  of  270  pages  of  useful  matter  packed  Into  the  dlmea- 
Lons  of  a card-case.  —Building  News.  “A  veritable  pocket  treasury  of  knowledge.”— Iron, 

Trench- English  Glossary  for  Engineers,  etc. 

A POCKET  GLOSSARY  of  TECHNICAL  TERMS : ENGLISH- 

FRENCH,  FRENCH -ENGLISH ; with  Tables  suitable  for  the  Architectural, 
Engineering,  Manufacturing  and  Nautical  Professions.  By  John  Tames 
Fletcher,  Engineer  and  Surveyor.  Second  Edition,  Revised  and  Enlarged, 
200  pp.  Waistcoat-pocket  size,  is.  6 d.  limp  leather. 
tnJarroa  ?,i^!J?ftf^dvanti^eifoJreadersa.ndcorresP°ndents  in  France  and  England  to  have 

We  °f  the  tabl£S  ^ 
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Year-Boolc  of  Engineering  Formula ?,  &c. 

THE  ENGINEER’S  YEAR-BOOK  FOR  1895.  Comprising 
Formulae,  Rules,  Tables,  Data  and  Memoranda  in  Civil,  Mechanical,  Elec- 
trical, Marine  and  Mine  Engineering.  By  H.  R.  Kempe,  A.M.  Inst.C.E., 
M. I. E.E.,  Technical  Officer  of  the  Engineer-in-Chiet 's  Office,  General  Post 
Office,  London,  Author  of  “A  Handbook  of  Electrical  Testing, ’’  “The 
Electrical  Engineer’s  Pocket-Book,”  &c.  With  750  Illustrations,  specially 
Engraved  for  the  work.  Crown  8vo,  650  pages,  8s.  leather.  [Just  published. 
“ Represents  an  enormous  quantity  of  work,  and  forms  a desirable  book  of  reference." — The 
Engineer. 

“ The  book  is  distinctly  in  advance  of  most  similar  publications  in  this  country — Engineering. 
“ This  valuable  and  well-designed  book  of  reference  meets  the  demands  of  all  descriptions  of 
engineers."— Saturday  Review. 

“Teems  with  up-to-date  information  in  every  branch  of  engineering  and  construction." — 
Building  News. 

“ The  needs  of  the  engineering  profession  could  hardly  be  supplied  in  a more  admirable, 
complete  and  convenient  form.  To  say  that  it  more  than  sustains  all  comparisons  is  praise  of  the 
highest  sort,  and  that  may  justly  be  said  of  it."— Mining  Journal. 

“There  is  certainly  room  »or  the  new  comer,  which  supplies  explanations  and  directions,  as 
well  as  formulas  and  tables.  It  deserves  to  become  one  of  the  most  successful  of  the  technical 
annuals. ' ’ — A rchilect. 

“ Brings  together  with  great  skill  all  the  technical  information  which  an  engineer  has  to  use 
day  by  day.  It  is  in  every  way  admirably  equipped,  and  is  sure  to  prove  successful."—  Scotsman. 

“ The  up-to-dateness  of  Mr.  Kempe's  compilation  is  a quality  that  will  not  be  lost  on  the  busy 
people  for  whom  the  work  is  intended.’’— Glasgow  Herald. 

Portable  Engines. 

THE  PORTABLE  ENGINE;  ITS  CONSTRUCTION  AND 
MANAGEMENT.  A Practical  Manual  for  Owners  and  Users  of  Steam 
Engines  generally.  By  William  Dyson  Wansbrough.  With  90  Illustra- 
tions. Crown  8vo,  3s.  6 d.  cloth. 

“ This  Is  a work  of  value  to  those  who  use  steam  machinery.  , . . Should  be  read  by  every- 
one  who  has  a steam  engine,  on  a farm  or  elsewhere." — Mark  Lane  Express. 

“We  cordially  commend  this  work  to  buyers  and  owners  of  steam  engines,  and  to  those  who 
have  to  do  with  their  construction  or  use." — Timber  Trades  Journal. 

“Such  a general  knowledge  of  the  steam  engine  as  Mr.  Wansbrough  furnishes  to  the  reader 
should  be  acquired  by  all  intelligent  owners  and  others  who  use  the  steam  engine." — Building  News. 

“ An  excellent  text-book  of  this  useful  form  of  engine.  * The  Hints  to  Purchasers’  contain  a 
good  deal  of  commonsense  and  practical  wisdom.’’— English  Mechanic . 

Iron  and  Steel. 

“ IRON  AND  STEEL  ” : A Work  for  the  Forge,  Foundry,  Factory, 
and  Office.  Containing  ready,  useful,  and  trustworthy  Information  for  Iron- 
masters and  their  Stock-takers;  Managers  of  Bar,  Rail,  Plate,  and  Sheet 
Rolling  Mills;  Iron  and  Metal  Founders;  lion  Ship  and  Bridge  Builders  ; 
Mechanical,  Mining,  and  Consulting  Engineers  ; Architects,  Contractors, 
Builders,  and  Professional  Draughtsmen.  By  Charles  Hoare,  Author  ol 
“The  Slide  Rule,”  &c.  Eighth  Edition,  Revised  throughout  and  considerably 
Enlarged.  32mo,  6s.  leather. 

“ For  comprehensiveness  the  book  has  not  its  equal.” — Iron. 

“ One  of  the  best  of  the  pocket  books." — English  Mechanic. 

"We  cordially  recommend  this  book  to  those  engaged  in  considering  the  details  of  all  kinds  of 
iron  and  steel  work s"— Naval  Science. 

Elementary  Mechanics. 

CONDENSED  MECHANICS.  A Selection  of  Formulae,  Rules, 
Tables,  and  Data  for  the  Use  of  Engineering  Students,  Science  Classes,  &c. 
In  Accordance  with  the  Requirements  of  the  Science  and  Art  Department. 
By  W.  G.  Crawford  Hughes,  A.M.I.C.E.  Crown  8vo,  2 s.  6 d.  cloth. 

“ The  book  is  well  fitted  for  those  who  are  either  confronted  with  practical  problems  in  thei? 
work,  or  are  preparing  for  examination  and  wish  to  refresh  their  knowledge  by  going  through  theix 
formulae  again."— Marine  Engineer. 

“ It  is  well  arranged,  and  meets  the  wants  of  those  for  whom  it  is  intended.  —Railway  News, 

Steam. 

THE  SAFE  USE  OF  STEAM.  Containing  Rules  for  Un- 

professional Steam-users.  By  an  Engineer.  Sixth  Edition.  Sewed,  6 d. 

“ If  steam-users  would  but  learn  this  little  book  by  heart,  boiler  explosions  would  become 
sensations  by  their  rarity." — English  Mechanic. 

Warming. 

HEATING  BY  HOT  WATER;  with  Information  and  Sug- 
gestions on  the  best  Methods  of  Heating  Public,  Private  and  Horticultural 
Buildings.  By  Walter  Jones.  Second  Edition.  With  96  Illustrations. 
Crown  8vo,  2 s.  6d.  net.  ...  .. 

“ We  confidently  recommend  all  Interested  In  heating  by  hot  water  to  secure  a copy  of  tnls 
valuable  little  treatise." — The  Plumber  and  Dcccrator . 


MECHANICAL  ENGINEERING,  etc. 
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THE  POPULAR  WORKS  OF  MICHAEL  REYNOLDS 

(“The  Engine  Driver’s  Friend 

Locomotive-Engine  Driving. 

LOCOMOTIVE-ENGINE  DRIVING  : A Practical  Manual  for 
'Pf^arge  Locomotive  Engines.  By  Michael  Reynolds,  Member 
K,n th  °f  ?nflrj^erS|  foJmerly  Locomotive  Inspector  L.  B.  and  S.  C.  R. 

9d^S3^^^^^A^'BStsasssSt 

..  w„r»?hJ  the  "ork  °<  onf  wh?  knows  hts  subject  thoroughly."-  Railway  StAnct  Gazette 
our  engine-drives!*  w^might  have  Ewer  * 

Stationary  Engine  Driving. 

STATIONARY  ENGINE  DRIVING:  A Practical  Manual  for 

En&ncers  in  charge  of  Stationary  Engines.  By  Michael  Reynolds  Fifth 

R^ltl0p'  Lolargcd  With  Plates  and  Woodcuts.  Crown  8vo  4s  6 d cloth 
treated  t dear  and  praaiclf1'  acqua,n^d  ™‘h  his  subjects,  and  his  advice  oi  Ihe  various  points 
one  for  the  class  for  whom  it ’is  specially  inte^ed/'-J^,”^^  15  “ CXCeedlnely  useful 

«S}WS  the^arionary*  ngfne^bu't  *■"  ■<*  only  know 

The  Engineer,  Fireman,  and  Engine-Boy. 

ENGlN^°RnYLcL0C0M0TJ:VE ■ ENGINEEE<  FIREMAN,  and 
ENGINE-BOY.  Comprising  a Historical  Notice  of  the  Pioneer  Locomotive 

Refined  Tr  th6d^  Invew°£S-  By  Michael  Reynolds.  Second  Edition,  with 

iteVpheensonPPeCrown  S^^-^Tcloth.  IUuStrations  and  P°^it  of  George 

forcibly'rimn^whii^wr^e^by  Dr°SmiksUt^0r  “ w!£happe?  to  the  »?"*  ™ fo"or.’ 
DiCal.inedshaonudibCtS  h r^&Sl-be 

ever  laid,  or  is  to  Uyf  hands  o^a  tlocom°o°riveme^fnr.°-/rOTr  °f  ever>’one  in  the  kingdom  who  has 

Continuous  Bailway  Brahes. 

CONTINUOUS  RAILWAY  BRAKES : A Practical  Treatise  nn 

AB. 

Engine-Driving  Life. 

1 , ..Erom  first  tQ  "1St  perfectly  fascinating.  Wilkie  Collins's  most  rh  'll'  [Just  published. 

Into  the  shade  by  true  incidents,  endless  in  their  rartetv  reShM  ? conceptions  are  thrown 

^ , . Anyone  who  wishes  to  get  a real  insight  into  raThvnifum  1JIeVC?Ta?e'  —North  British  MaiJ. 
Driving  Life’  for  himself ; and  if  he  once  tike  it  up  hi  wiS  find'  thlt the  ^tl"  tha?  read  ‘ Enrine- 
love  of  the  engme-dnving  profession  will  carry  him  oPp  till  he  htreade  ^pi°e  ‘H^SSUSS, “£? 

Socket  Companion  for  Enginemen. 

TlTArEFnnrE%»N’S  P0CKEE  COMPANION  AND  PR  AC. 

andLmechanicsR  BvMichap!NKMEN’  B0IL¥r  attendants, 

tions  and  numerous  Diagrams  Third  EditinLD  R Porty'five  IUustrar 

.strongly  bound  for  pocket  wear.  ’ Revlsed'  Royal  i8mo,  3s.  6d., 

a competent  engineer.1"— Glas^aw^era/f  acconipIlsh  ,ts  object,  being  the  honest  workmanship  of 
- “ A b°°n  t0  th°Se  Wh°  are  striving  t0  ^come  efficient  mechanics.' ’-Caily  Chronicle. 
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CIVIL  ENGINEERING,  SURVEYING,  etc. 


MR.  HUMBER'S  VALUABLE  ENGINEERING  BOOKS. 

The  Water  Supply  of  Cities  and  Towns. 

A COMPREHENSIVE  TREATISE  on  the  WATER-SUPPLY 
OF  CITIES  AND  TOWNS.  By  William  Humber,  A-M.Inst.C.E.,  and 
M.  Inst.  M.E.,  Author  of  “Cast  and  Wrought  Iron  Bridge  Construction, 
&c.  &c.  Illustrated  with  50  Double  Plates,  1 Single  Plate,  Coloured 
Frontispiece,  and  upwards  ot  250  Woodcuts,  and  containing  400  pages  ot 
Text.  Imp.  4to,  £6  6s.  elegantly  and  substantially  half-bound  in  morocco. 
List  of  Contents. 


Conduits. — XIII.  Distribution  of  Water.— XIV. 
Meters,  Service  Pipes,  and  House  Fittings.— 
XV.  The  Law  and  Economy  of  Water  Works. 
XVI;  Constant  and  Intermittent  Supply.— 
XVII.  Description  of  Plates.  — Appendices, 
giving  Tables  of  Rates  of  Supply,  Velocities, 
&c.  &c.,  together  with  Specifications  of  several 
Works  illustrated,  among  which  wiU  be  found : 
Aberdeen,  Bideford,  Canterbury,  Dundee. 
Halifax,  Lambeth,  Rotherham,  Dublin,  and 
others. 


I.  Historical  Sketch  of  some  of  the  means 
that  have  been  adopted  for  the  Supply  of  Water 
to  Cities  and  Towns. — II.  Water  and  the  Fo- 
reign Matter  usually  associated  with  it.— III. 

Ramfall  and  Evaporation. — IV.  Springs  and 
the  water-bearing  formations  of  various  dis- 
tricts.— V.  Measurement  and  Estimation  of  the 
flow  of  Water  — VI.  On  the  Selection  of  the 
Source  of  Supply. — VII.  Wells. — VIII.  Reser- 
voirs.— IX.  The  Purification  of  Water. — X. 

Pumps.  — XL  Pumping  Machinery.  — XII. 

••  The  most  systematic  and  valuable  work  upon  water  supply  hitherto  pwjuced  ^nglkh,  or 
in  anv  nfhpr  lanp-uacre  . Mr.  Humber  s work  is  characterised  almost  throughout  by  an 

exhaustiveness  much  more  distinctive  of  French  and  German  than  of  English  technical  treatises. 

_£'“Weran  congratulate  Mr.  Humber  on  having  been  able  to  give  so  large  M amount  of  tafor- 
matlon  on  a subject  so  important  as  the  water  supply  of  cities  and  towns.  The  plates,  fifty  m 
number,  are  mostly  drawings  of  executed  works,  and  alone  would  have  commanded  the  attention 
of  every  engineer  whose  practice  may  lie  in  this  branch  of  the  profession.  Builder. 

Cast  and  Wrought  Iron  Bridge  Construction. 

A COMPLETE  AND  PRACTICAL  TREATISE  ON  CAST 
AND  WROUGHT  IRON  BRIDGE  CONSTRUCTION  including  Hon 
Foundations.  In  Three  Parts— Theoretical,  Practical,  and  Descriptive.  By 
William  Humber,  A. M. Inst. C.E.,  and  M. Inst  M.E.  Third  Edition,  Re 

vised  and  much  improved,  with  115  Double  Piates  Taooi  which  now  first 
appear  in  this  edition),  and  numerous  Additions  to  the  Text.  In  Two  Vols., 
imp,  ato,  £6  16s.  6 d.  half-bound  in  morocco, 

ele%*at^n^^lansUandesecUorns,UIarge^sca^e^emUsrare't^Iv^n^Mcli:i^^y^mc^Jml^ncenthe  instruct 
Uve  "feH-befs which  the  most 

5HtmaC^nan1^e1rra.^ngB^ost  eminent  engineers,  are 
drawn  and  specified  in  great  detail.1  —Engineer. 

Strains,  Calculation  of. 

A HANDY  BOOK  FOR  THE  CALCULATION  OF  STRAINS 
Yn  GIRDERS  AND  SI  MILA  R STR  UCTURES , AND  THEIR  STRENGTH 
Consisting  of  Formula  and  Corresponding  Diagrams,  with  numerous  details 
for  Practical  Application,  &c.  By  William  Humber,  A-M.Inst.C.E  &c. 
Fifth  Edition.  Crown  8vo,  nearly  ioo  Woodcuts  and  3 Plates,  7s.  6d.  cloth. 

■<  The  formulae  are  neatly  expressed,  and  the  diagrams  good.’  Athcnauin.  „ _ 

“ We  heartily  commend  this  really  handy  book  to  our  engineer  and  architect  readers.  Eng- 
lish Mechanic. 

Barlow’s  Strengthof  Materials,  enlarged  by  Humber. 

A TREATISE  ON  THE  STRENGTH  OF  MATERIALS; 

with  Rules  for  Application  in  Architecture,  the  Construction  of  Suspension 
Sr  Les  Railways  &c.  By  Peter  Barlow,  F.R.S.  A New  Edition  Revised 
bv  hfs  Sonrp!  W Barlow,  F.R.S.,  and  W.  H.  Barlow  F.R.S. ; to  which 
added  Experiments  by  Hodgkinson,  Fairbairn,  and  Kirkaldy  , and 

" %?££&£&  place  on  the  bookshelves  of  every 

civil  engineer  and  practical  mechanic.  ’— English  Mechanic . 


CIVIL  ENGINEERING , SURVEYING,  etc. 
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MR.  HUMBER'S  GREAT  WORK  ON  MODERN  ENGINEERING. 

Complete  in  Four  Volumes,  imperial  4to,  price  £ 12  12s.,  half-morocco.  Each 
Volume  sold  separately  as  follows : — 

A RECORD  OF  THE  PROGRESS  OF  MODERN  ENGINEER- 
ING. First  Series.  Comprising  Civil,  Mechanical,  Marine,  Hydraulic, 
Railway,  Bridge,  and  other  Engineering  Works,  &c.  By  William  Humber, 
A-M.Inst.C.E.,  &c.  Imp.  4to,  with  36  Double  Plates,  drawn  to  a large  scale, 
Photographic  Portrait  of  John  Hawkshaw,  C.E.,  F.R.S.,  &c.,  and  copious 
descriptive  Letterpress,  Specifications,  &c.,  £3  3 s.  half-morocco. 

List  of  the  Plates  and  Diagrams. 

Victoria  Station  and  Roof,  L.  B.  & S.  C.  R. 

|8  plates);  Southport  Pier  (2  plates);  Victoria 

Station  and  Roof,  L.  C.  & D.  and  G.  W.  R.  (6 


Thames,  West  London  Extension  Railway  (5 
plates) ; Armour  Plates : Suspension  Bridge, 


Thames  (4  plates) ; The  Allen  Engine ; Sus- 
pension Bridge,  Avon  (3  plates);  Undenground 
Railway  (3  plates). 


plates);  Roof  ofCremome  Music  Hall;  Bridge 
over  G.  N.  Railway  ; Roof  of  Station,  Dutch 
Rhenish  Rail  (2  plates) ; Bridge  over  the 

“ Handsomely  lithographed  and  printed.  It  will  find  favour  with  many  who  desire  to  preserve 
In  a permanent  form  copies  of  the  plans  and  specifications  prepared  for  the  guidance  of  the  con- 
tractors for  many  important  engineering  works." — Engineer. 

HUMBER'S  PROGRESS  OF  MODERN  ENGINEERING. 
Second  Series.  Imp.  4to,  with  36  Double  Plates,  Photographic  Portrait  of 
Robert  Stephenson,  C.E.,  M.P.,  F.R.S.,  &c.,  and  copious  descriptive  Letter- 
press,  Specifications,  &c.,  £3  3s.  half-morocco. 

List  of  the  Plates  and  Diagrams. 


Birkenhead  Docks,  Low  Water  Basin  (15 
plates);  Charing  Cross  Station  Roof,  C.  C. 
Railway  (3  plates) ; Digswell  Viaduct,  Great 
Northern  Railway  ; Robbery  Wood  Viaduct, 
Great  Northern  Railway;  Iron  Permanent 
Way;  Clydach  Viaduct,  Merthyr,  Tredegar, 


and  Abergavenny  Railway ; Ebbw  Viaduct, 
Merthyr,  Tredegar,  and  Abergavenny  Rail- 
way ; College  Wood  Viaduct,  Cornwall  Rail- 
way ; Dublin  Winter  Palace  Roof  (3  plates)  ; 
Bridge  over  the  Thames,  L.  C.  & D.  Railway 
(6  plates) ; Albert  Harbour,  Greenock  (4  plates). 


" Mr.  Humber  has  done  the  profession  good  and  true  service,  by  the  fine  collection  of  examples 
he  has  here  brought  before  the  profession  and  the  public  ."—Practical  Mechanic's  Journal. 

HUMBER'S  PROGRESS  OF  MODERN  ENGINEERING. 

Third  Series.  Imp.  4to,  with  40  Double  Plates,  Photographic  Portrait  of 
J.  R.  M ‘Clean,  late  Pres.  Inst.  C.E.,  and  copious  descriptive  Letterpress, 
Specifications,  &c.,  £3  3 s.  half-morocco. 

List  of  the  Plates  and  Diagrams. 


Main  Drainage,  Metropolis.— North 
Side.— Map  showing  Interception  of  Sewers; 
Middle  Level  Sewer  (2  plates) ; Outfall  Sewer, 
Bridge  over  River  Lea  (3  plates) ; Outfall  Sewer, 
Bridge  over  Marsh  Lane,  North  Woolwich 
Railway,  and  Bow  and  Barking  Railway  Junc- 
tion; Outfall  Sewer,  Bridge  over  Bow  and 
Barking  Railway  (3  plates);  OutfaU  Sewer, 
Bridge  over  East  London  Waterworks’  Feeder 
(2  plates) ; Outfall  Sewer,  Reservoir  (2  plates) ; 
Outfall  Sewer,  Tumbling  Bay  and  Outlet;  Out- 
fall Sewer,  Penstocks.  South  Side.— Outfall 
Sewer,  Bermondsey  Branch  (2  plates) ; Outfall 


Sewer,  Reservoir  and  Outlet  (4  plates) ; Outfall 
Sewer,  Filth  Hoist;  Sections  of  Sewers  (North 
and  South  Sides). 

Thames  Embankment.— Section  of  River 
Wall ; Steamboat  Pier,  Westminster  (2  plates) : 
Landing  Stairs  between  Charing  Cross  and 
Waterloo  Bridges;  York  Gate  (2  plates) ; Over- 
flow and  Outlet  at  Savoy  Street  Sewer  (3  plates) ; 
Steamboat  Pier,  Waterloo  Bridge  (3  plates)  ; 
Junction  of  Sewers,  Plans  and  Sections 
Gullies,  Plans  and  Sections ; Rolling  Stock  ; 
Granite  and  Iron  Forts. 


“ The  drawings  have  a constantly  increasing  v?.lue,  and  whoever  desires  to  possess  clear  repre- 
me^Engiueer  W°rkS  carned  out  b*  our  Metropolitan  Board  will  obtain  Mr.  Humber's 

HUMBER’S  PROGRESS  OF  MODERN  ENGINEERING. 

Fourth  Series.  Imp.  4to,  with  36  Double  Plates,  Photographic  Portrait  of 
John  Fowler,  late  Pres.  Inst.  C.E.,  and  copious  descriptive  Letterpress, 
Specifications,  &c.,  £3  3s.  half-morocco. 

List  of  the  Plates  and  Diagrams. 

Abbey  Mills  Pumping  Station,  Main  Drain- 
age, Metropolis  (4  plates) ; Barrow  Docks  (5 
plates) ; Manquis  Viaduct,  Santiago  and  Val- 
paraiso Railway  (2  plates);  Adams  Locomo- 
tive, St.  Helen's  Canal  Railway  (2  plates) : 

Cannon  Street  Station  Roof,  Charing  Cross 
Railway  (3  plates) ; Road  Bridge  over  the  River 
Moka  (2  plates);  Telegraphic  Apparatus  for 

w ''We  gladly  weicome  another  year's  issue  of  this  valuable  publication  from  the  able  pen  of 
JJjl  \iu" /’f  The  accuracy  and  general  excellence  of  this  work  are  well  known,  while  its  useful 

n„  f h8  measurements  and  details  of  some  of  the  latest  examples  of  engineering  as 

earned  out  by  the  most  eminent  men  in  the  profession,  cannot  be  too  highly  prized."— Artisan 


Mesopotamia;  Viaduct  over  the  River  Wye, 
Midland  Railway  (3  plates) ; St.  Germans  Via- 
duct,  Cornwall  Railway  (2  plates);  Wrought- 
Iron  Cylinder  for  Diving  Bell ; Millwall  Docks 
(6  plates);  Milroy’s  Patent  Excavator;  Metro- 
politan District  Railway  (6  plates) ; Harbours, 
Ports,  and  Breakwaters  (3  plates). 
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Statics,  Graphic  and  Analytic. 

GRAPHIC  AND  ANALYTIC  STATICS,  in  their  Practical  Appli- 
cation to  the  Treatment  of  Stresses  in  Roofs,  Solid  Girders,  Lattice,  Bowstring 
and  Suspension  Bridges,  Braced  Iron  A rches  and  Piers,  and  other  Frameworks. 
By  R.  Hudson  Graham,  C.E.  Containing  Diagrams  and  Plates  to  Scale. 
With  numerous  Examples,  many  taken  from  existing  Structures.  Specially 
arranged  for  Class-work  in  Colleges  and  Universities.  Second  Edition,  Re- 
vised and  Enlarged.  8vo,  16s.  cloth. 

"Mr.  Graham’s  book  will  find  a place  wherever  graphic  and  analytic  statics  are  used  or  studied.** 
— Engineer. 

"The  work  Is  excellent  from  a practical  point  of  view,  and  has  evidently  been  prepared  with 
much  care.  The  directions  for  working  are  ample,  and  are  illustrated  by  an  abundance  of  well* 
selected  examples.  It  is  an  excellent  text-book  for  the  practical  draughtsman." — Athenaum. 

Practical  Mathematics. 

MATHEMATICS  FOR  PRACTICAL  MEN:  Being  a Common- 
place Book  of  Pure  and  Mixed  Mathematics.  Designed  chiefly  for  the  use 
of  Civil  Engineers,  Architects  and  Surveyors.  By  Olinthus  Gregory, 
LL.D.,  F.R.A.S.,  Enlarged  by  Henry  Law,  C.E.  4th  Edition,  carefully 
Revised  by  J.  R.  Young,  formerly  Professor  of  Mathematics,  Belfast  College, 
With  13  Plates.  8vo,  £1  is.  cloth. 

“ The  engineer  or  architect  will  here  find  ready  to  his  hand  rules  for  solving  nearly  every  mathe- 
matical difficulty  that  may  arise  in  his  practice.  The  rules  are  in  all  cases  explained  by  means  of 
examples,  in  which  every  step  of  the  process  is  clearly  worked  out.” — Builder. 

“ One  of  the  most  serviceable  books  for  practical  mechanics.  . . It  is  an  instructive  book  for 
the  student,  and  a text-book  for  him  who,  having  once  mastered  the  subjects  it  treats  of,  needs 
occasionally  to  refresh  his  memory  upon  them.” — Building  News. 

VHYDRAULIC  TABLES,  CO-EFFICIENTS,  and  FORMULAS 
for  finding  the  Discharge  of  Water  from  Orifices,  Notches , Weirs,  Pipes,  and 
Rivers . With  New  Formulae,  Tables,  and  General  Information  on  Rainfall, 
Catchment-Basins,  Drainage,  Sewerage,  Water  Supply  for  Towns  and  Mill 
Power.  By  John  Neville,  Civil  Engineer,  M.R.I.A.  Third  Ed.,  carefully 
Revised,  with  considerable  Additions.  Numerous  Illusts.  Cr.  8vo,  14s.  cloth. 
“ Alike  valuable  to  students  and  engineers  in  practice  ; its  study  will  prevent  the  annoyance  of 
avoidable  failures,  and  assist  them  to  select  the  readiest  means  of  successfully  carrying  out  any 
given  work  connected  with  hydraulic  engineering."— Mining  Journal. 

“ jt  is,  of  all  English  books  on  the  subject,  the  one  nearest  to  completeness,  . . . From  the 
good  arrangement  of  the  matter,  the  clear  explanations,  and  abundance  of  formulae,  the  carefully 
calculated  tables,  and,  above  all,  the  thorough  acquaintance  with  both  theory  and  construction, 
which  is  displayed  from  first  to  last,  the  book  will  be  found  to  be  an  acquisition."— A rchiUct. 

Hydraulics. 

HYDRA  ULIC  MANUAL.  Consisting  of  Working  Tables  and 
Explanatory  Text.  Intended  as  a Guide  in  Hydraulic  Calculations  and  Field 
Operations.  By  Lowis  D’A.  Jackson,  Author  of ‘‘Aid  to  Survey  Practice," 
“ Modern  Metrology,"  &c.  Fourth  Edition,  Enlarged.  Large  cr.  8vo,  16s.  cl. 
“ xhe  author  has  had  a wide  experience  in  hydraulic  engineering  and  has  been  a careful  ob- 
server  of  the  facts  which  have  come  under  his  notice,  and  from  the  great  mass  of  material  at  ms 
command  he  has  constructed  a manual  which  may  be  accepted  as  a trustworthy  gruide 
branch  of  the  engineer’s  profession.  We  can  heartily  recommend  this  volume  to  all  who  desire  to 
be  acquainted  with  the  latest  develoDment  of  this  important  subject.”— Engineering. 

••  The  standard-work  in  this  department  of  mechanics.” — Scotsman. 

"The  most  useful  feature  of  this  work  is  its  freedom  from  what  is  superannuated,  and  its 
thorough  adoption  of  recent  experiments ; the  text  is,  in  fact,  in  great  part  a short  account  of  the 
great  modern  experiments.' '—Nature. 


DrONTHE  DRAINAGE  OF  LANDS,  TOWNS,  AND  BUILD - 
INGS.  By  G.  D.  Dempsey,  C.E.,  Author  of  “ The  Practical  Railway  En- 
gineer,” &c.  Revised,  with  large  Additions  on  Recent  Practice  in 
Drainage  Engineering,  by  D.  Kinnear  Clark,  M.Inst.C.E.  Author  of 
“Tramways:  Their  Construction  and  Working,'  A Manual  of  Rules, 
Tables,  and  Data  for  Mechanical  Engineers,”  &c.  Second  Edition,  Cor- 
rected. Fcap.  8vo,  5s.  cloth. 

“The  new  matter  added  to  Mr.  Dempsey's  excellent  work  Is  characterised  by  the  comprehen- 
sive grasp  and  accuracy  of  detail  for  which  the  name  of  Mr.  D.  K.  Clark  is  a sufficient  voucher. 
Athenaium. 


'“As’a'work  on  recent  practice  In  drainage  engineering,  the  book  Is  to  be  commended  to  all 
are  making  that  branch  of  engineering  science  their  special  study.  —Iron.  , . * 

“ A comprehensive  manual  on  drainage  engineering,  and  a useful  introduction  to  the  student. 
— Building  News. 


who 
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Water  Storage,  Conveyance,  and  Utilisation. 

WA  TER  ENGIN EERIN G : A Practical  Treatise  on  the  Measure- 
ment,  Storage,  Conveyance,  and  Utilisation  of  Water  for  the  Supply  of  Towns 
for  Mill  Power,  and  for  other  Purposes.  By  Charles  Slagg,  A.M.Inst  C E ’ 
Author  of  ‘‘  Sanitary  Work  in  the  Smaller  Towns,  and  in  Villages,"  &c! 
Second  Edition.  With  numerous  Illustrations.  Crown  8vo.  7s.  6 d cloth 

•*?  a SI??11  Practical  treatise  on  the  water  supply  ot  towns,  and  on  some  applications'  of 
wa^r-power,  the  work  is  in  many  respects  excellent  ."—Engineering.  ppucauons  ot 

aUtiilKr  haS  coUft®d ,the  ?esults  deduced  from  the  experiments  of  the  most  eminent 
J'2?'.jnd  has  presented  them  in  a compact  and  practical  form,  accompanied  by  very  cllar 

appUcatioQ  0f  — “ a motive  Power 

.ppS^rtleWsh^»e^  a consideration  of  the  practical 

River  Engineering. 

RIVER  BARS : The  Causes  of  their  Formation,  and  their  Treat- 
ment by  “ Induced  Tidal  Scour with  a Description  of  the  Successful  Re 
duction  by  this  Method  of  the  Bar  at  Dublin.  By  I.  J.  Mann  Assist  Ena" 
to  the  Dublin  Port  and  Docks  Board.  Royal  8vo , 7s.  W.  cloth.’  E g' 

“ We  recommend  aU  interested  in  harbour  works— and,  indeed,  those  concerned  In  th. 

gen0raUy“t0  r“d  Mr’  Ma“  S rateresiin^wor'k^the  treXtmof  rilS; 

Trusses 

TRUSSES  OF  WOOD  AND  IRON.  Practical  Applications  of 
Scuncem  peUrnnmng  the  Stresses,  Breaking  Weights,  Safe  Loads,  Scantlings 
and  Details  of  Construction,  with  Complete  Working  Drawings.  By  William 

Art^OMong  8vo!  ^sfe^cloth?*  Tta“““  Sch°o1  °f 

roof  tnuisres^lffiat  no^tudent  ne^^^i^oran^olTth^^^ttere/’— °* 

Railway  Working. 

d^Eri?iArLWAT vW°?KING'  A Treatise  on  Railway  Acci- 
dents.  Their  Ccuiseand  Prevention ; with  a Description  of  Modern  Abbliance * 
and  Systems.  By  Clement  E.  Stretton,  C.E  , Vice-President  and  rnn 
suiting  Engineer,  Amalgamated  Society  of  Railway  Se r v an t s With  ni°  ' 
cloth.113  and  C°l0Ured  Pla‘eS'  Third  Edition‘  Enlayrge^VCrownYvod £}& 

“ A hook  for  the  engineer,  the  directors,  the  manaaers  • and  In  =hnr*  -n  , . , . _ 

Bonbon. raii way  matters  will  find  a perfect  encyclopanfia  ii  • Safe  R^wafworktog. ' 

s&g'&zsr* especiaUy  — a 

Oblique  Bridges. 

i£B 'SPSff  Al;D  theoretical  essay  on  oblique 

M.1.CE j.  FoSUiiiSvSKi.  bS’sS,?!  if.  wKSS 

and  with  the  addition  of, Description  to  Diagrams  for  ?ac?litatLa  the 
sfruction  of  Oblique  Bridges,  by  W.  H.  Barlow!  M d.CE ! Royll^vo^t 

would  be  i m p o s s i bfe^  to  c o ns°id /a 'bet ter rflnK  skew  arches  Is  Mr.  Buck's  treatise,  and  it 

subject  of  *many  ^Oi^in^Mdir^ppo  sed  t^bekm^to'it^^A^a^uide^t^H?1611^  **aS  ^^ted  the 
tect,  on  a confessedly  difficult  subject,  Mr.  Buck  s work  i^nsurpafs^  archi- 

Tunnel  Shafts. 

on  the  form  of  arc  h,  the°rul«  fo? o/derfng  ; u nd  the  observaHons 

found  of  considerable  use.  We  commend  the  book  S cons.tructlon  of  the  templates  will  be 

j “Will  be  regarded  by  civil  enSJrsS of the ^fS25^,SSeerll^prc^f^orl•,,■-^•^^^  ^VkaSr 
and  obviate  many  mistakes.”—  CoUiery  Guardian.  U m°St  value>  ^ calculated  to  save  much  time 
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Student’s  Text-Book  on  Surveying. 

PRACTICAL  SURVEYING  : A Text-Book  for  Students  pre- 
paring  for  Examination  or  for  Survey-work  in  the  Colonies.  By  George 
W.  Usill,  A.M.I.C.E.,  Author  of  “The  Statistics  of  the  Water  Supply  of 
Great  Britain.”  With  Four  Lithographic  Plates  and  upwards  of  330  Illustra- 
tions. Third  Edition,  Revised  and  Enlarged.  Including  Tables  of  Natural 
Sines,  Tangents,  Secants,  &c.  Crown  8vo,  ys.  6d.  cloth  ; or,  on  Thin  Paper, 
bound  in  limp  leather,  gilt  edges,  rounded  corners,  for  pocket  use,  12s.  6d. 

“ The  best  forms  of  instruments  are  described  as  to  their  construction,  uses  and  modes  of 
employment,  and  there  are  innumerable  hints  on  work  and  equipment  such  as  the  author,  in  his 
experience  as  surveyor,  draughtsman,  and  teacher,  has  found  necessary,  and  which  the  student 
In  his  inexperience  will  find  most  serviceable." — Engineer. 

“;The  latest  treatise  in  the  English  language  on  surveying,  and  we  have  no  hesitation  in  say- 
ing that  the  student  will  find  it  a better  guide  than  any  of  its  predecessors  . . . . . 
Deserves  to  be  recognised  as  the  first  book  which  should  be  put  in  the  hands  of  a pupil  of  Civil 
Engineering,  and  every  gentleman  of  education  who  sets  out  for  the  Colonies  would  find  it  well  to 
have  a copy." — Architect . 


Survey  Practice. 

AID  TO  SURVEY  PRACTICE,  for  Reference  in  Surveying,  Level - 

ling,  and  Setting-out ; and  in  Route  Surveys  of  Travellers  by  Land  and  Sea. 
With  Tables,  Illustrations,  and  Records.  By  Lowis  D’A.  Jackson, 
A.M.I.C.E.,  Author  of  11  Hydraulic  Manual,”  “ Modem  Metrology,”  &c. 
Second  Edition,  Enlarged.  Large  crown  8vo,  12s.  6 d.  cloth. 

"A  valuable  vade-mecum  for  the  surveyor.  We  can  recommend  this  book  as  containing  an 
admirable  supplement  to  the  teaching  of  the  accomplished  surveyor."—  Atke'uzuyn. 

" As  a text-book  we  should  advise  all  surveyors  to  place  It  in  their  libraries,  and  study  well  the 
matured  instructions  afforded  in  its  pages.” — Colliery  Guardian. 

“ The  author  brings  to  his  work  a fortunate  union  of  theory  and  practical  experience  which, 
aided  by  a clear  and  lucid  style  of  writing,  renders  the  book  a very  useful  one." — Builder , 

Surveying,  Land  and  Marine. 

LAND  AND  MARINE  SURVEYING,  in  Reference  to  the  Pre- 
paration of  Plans  for  Roads  and  Railways;  Canals,  Rivers,  Towns’  Water 
Supplies;  Docks  and  Harbours.  With  Description  and  Use  of  Surveying 
Instruments.  By  W.  D.  Haskoll,  C.E.,  Author  of  “ Bridge  and  Viaduct  Con- 
struction,” &c.  Second  Edition,  Revised,  with  Additions.  Large  cr.8vo,gs.  cl. 
“ This  book  must  prove  of  great  value  to  the  student.  We  have  no  hesitation  in  recommend- 
ing it,  feeling  assured  that  it  will  more  than  repay  a careful  study."— Mechanical  World. 

“A  most  useful  and  well  arranged  book.  We  can  strongly  recommend  it  as  a carefully-written 
and  valuable  text-book.  It  enjoys  a well-deserved  repute  among  surveyors.’’— Builder. 

' ' This  volume  cannot  fall  to  prove  of  the  utmost  practical  utility.  It  may  be  safely  recommended 
to  all  students  who  aspire  to  become  clean  and  expert  surveyors.”— Mining  Journal. 


Field-Book  for  Engineers. 

THE  ENGINEER’S,  MINING  SURVEYOR'S,  AND  CON- 
TRACTOR’S FIELD-BOOK.  Consisting  of  a Series  of  Tables,  with  Rules, 
Explanations  of  Systems,  and  use  of  Theodolite  for  Traverse  Surveying  and 
Plotting  the  Work  with  minute  accuracy  by  means  of  Straight  Edge  and  Set 
Square  only  ; Levelling  with  the  Theodolite,  Casting-out  and  Reducing 
Levels  to  Datum,  and  Plotting  Sections  in  the  ordinary  manner;  setting-out 
Curves  with  the  Theodolite  by  Tangential  Angles  and  Multiples,  with  Right 
and  Left-hand  Readings  of  the  Instrument:  Setting-out  Curves  without 
Theodolite,  on  the  System  of  Tangential  Angles  by  sets  of  Tangents  and  On- 
sets : and  Earthwork  Tables  to  80  feet  deep,  calculated  for  every  6 inches  in 
depth.  By  W.  D.  Haskole,  C.E.  Fourth  Edition.  Crown  8vo,  12s.  cloth 
"The  book  is  very  handy ; the  separate  tables  of  sines  and  tangents  to  every  minute  will  make 
It  useful  for  many  other  purposes,  the  genuine  traverse  tables  existing  all  the  same.  —Athcturum. 

"Every  person  engaged  in  engineering  field  operations  will  estimate  the  importance  of  such  a 
work  and  the  amount  of  valuable  time  which  will  be  saved  by  reference  to  a set  of  reliable  tables 
prepared  with  the  accuracy  and  fulness  of  those  given  in  this  volume.  — Railway  News, 


^^A  TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE  OF 
LEVELLING.  Showing  its  Application  to  purposes  of  Railway  and  Civil 
Engineering,  in  the  Construction  of  Roads;  with  Mr.TELFORD  s Rulesfor  the 
same.  By  Frederick  W.  Simms,  F.G.S.,  M.Inst.C.E.  Seventh  Edition,  with 
the  addition  of  Law’s  Practical  Examples  for  Setting-out  Railway  Curves,  and 
Trautwine’s  Field  Practice  of  Laying-out  Circular  Curves,  With  7 Plates 
and  numerous  Woodcuts.  8vo,  8s.  6ii.  cloth.  ***  Trautwine  on  Curves 

' ' ThI  text -book  Son  levellfn’(/ in  most  of  our  engineering  schools  and  coUeges."-A«^><rcr 
The  publishers  have  rendered  a substantial  service  to  the  professtom  especially to .the  > oung 
members,  by  bringing  out  the  present  edition  of  Mr.  Simms  s useful  book  Engineer. 
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Trigonometrical  Surveying. 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geographical  and 
Topographical  Maps  and  Plans,  Military  Reconnaissance,  Levelling,  &c.,  with 
Useful  Problems,  Formulae,  and  Tables.  By  Lieut.-General  Frome,  R.E. 
Fourth  Edition,  Revised  and  partly  Re-written  by  Major  General  Sir  Charles 
Warren,  G.C.M.G.,  R.E.  With  ig  Plates  and  115  Woodcuts.  Royal  8vo,  r6s. 
cloth. 

" The  simple  fact  that  a fourth  edition  has  been  called  for  Is  the  best  testimony  to  Its  merits. 
No  words  of  praise  from  us  can  strengthen  the  position  so  -well  and  so  steadily  maintained  bv  this 
work.  Sir  Charles  Warren  has  revised  the  entire  work,  and  made  such  additions  as  were  necessary 
to  bring  every  portion  of  the  contents  up  to  the  present  date." — Broad  Arrow. 

Field  Fortification , 

A TREATISE  ON  FIELD  FORTIFICATION,  THE  ATTACK 
OF  FORTRESSES,  MILITARY  MINING,  AND  RECONNOITRING.  By 
Colonel  I.  S.  Macaulay,  late  Professor  of  Fortification  in  the  R.M.A.,  Wool- 
wich. Sixth  Edition.  Crown  8vo,  with  separate  Atlas  of  12  Plates,  12s.  cloth. 

Or^l/TLTL  (ZlT'LTbff v 

PRACTICAL  TUNNELLING.  Explaining  in  detail  the  Setting, 
out  of  the  works,  Shaft-sinking  and  Heading-driving,  Ranging  the  Lines  and 
Levelling  underground,  Sub-Excavating,  Timbering,  and  the  Construction 
of  the  Brickwork  of  Tunnels,  with  the  amount  of  Labour  required  for,  and  the 
Cost  of,  the  various  portions  of  the  work.  By  Frederick  W.  Simms,  F.G.S., 
M.Inst.C.E.  Third  Edition,  Revised  and  Extended  by  D.  Kinnear  Clark, 
M.Inst.C.E.  Imperial  8vo,  with  21  Folding  Plates  and  numerous  Wood 
Engravings,  30s.  cloth, 

“ The  estimation  in  which  Mr.  Simms's  book  on  tunnelling  has  been  held  for  over  thirty  years 
cannot  be  more  truly  expressed  than  in  the  words  of  the  late  Prof.  Rankine  : — ‘ The  best  source  of  in- 
formation or  the  subject  of  tunnels  is  Mr.F.W.  Simms's  work  on  Practical  Tunnelling.' " — Architect. 

"It  has  been  regarded  from  the  first  as  a text-book  of  the  subject.  . . . Mr.  Clark  has  added 
Immensely  to  the  value  o 1 the  book." — Engineer. 

Tramivays  and  their  Working. 

TRAMWAYS  : THEIR  CONSTRUCTION  AND  WORKING. 

Embracing  a Comprehensive  History  of  the  System  ; with  an  exhaustive 
Analysis  of  the  various  Modes  of  Traction,  including  Horse-Power,  Steam, 
Cable  Traction,  Electric  Traction,  &c.;  a Description  of  the  Varieties  of  Roll- 
ing Stock  ; and  ample  Details  of  Cost  and  Working  Expenses.  New  Edition, 
Thoroughly  Revised,  and  Including  the  Progress  recently  made  in  Tramway 
Construction,  &c.&c.  By  D.  Kinnear  Clark,  M.Inst.C.E.  With  numerous 
Illustrations  and  Folding  Plates.  In  One  Volume,  8vo,  7S0  pages,  price  28s., 
bound  in  buckram.  [JmsI  published. 

" All  interested  in  tramways  must  refer  to  It,  as  all  railway  engineers  have  turned  to  the  author’s 
work  ' Railway  Machinery.’” — Engineer. 

"An  exhaustive  and  practical  work  on  tramways,  In  which  the  history  of  this  kind  of  locomo- 
tion, and  a description  and  cost  of  the  various  modes  of  laying  tramways,  are  to  be  found."— 
Building  News. 

"The  best  form  of  rails,  the  best  mode  of  construction,  and  the  best  mechanical  appliances 
are  so  fairly  indicated  in  the  work  under  review,  that  any  engineer  about  to  construct  a tramway 
will  be  enabled  at  once  to  obtain  the  practical  information  which  will  be  of  most  service  to  him."— 
A thenceum , 

Curves,  Tables  for  Setting-out. 

TABLES  OF  TANGENTIAL  ANGLES  AND  MULTIPLES 

for  Setting-out  Curves  from  5 to  200  Radius.  By  Alexander  Beazeley, 
M.Inst.C.E.  Fourth  Edition.  Printed  on  48  Cards,  and  sold  in  a cloth  box, 
waistcoat-pocket  size,  3s.  6d. 

" Each  table  is  printed  on  a small  card,  which,  being  placed  on  the  theodolite,  leaves  the  hands 
free  to  manipulate  tne  instrument — no  small  advantage  as  regards  the  rapidity  of  work.” — Engineer . 

"Very  handy  ; a man  may  know  that  all  his  day’s  work  must  fall  on  two  of  these  cards,  which 
he  puts  into  his  own  card-case,  and  leaves  the  rest  behind.” — Athenaeum. 

Earthwork. 

EARTHWORK  TABLES.  Showing  the  Contents  in  Cubic 
Yards  of  Embankments,  Cuttings,  &c.,  of  Heights  or  Depths  up  to  an 
average  of  80  feet.  By  Joseph  Broadbent,  C.E.,  and  Francis  Campin,  C.E. 
Crown  8vo,  5 s.  cloth. 

“ The  way  in  which  accuracy  Is  attained,  by  a simple  division  of  each  cross  section  into  three 
elements,  two  in  which  are  constant  and  one  variable,  is  ingenious." — Athenaeum. 
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Water  Supply  and  Water- Works. 


THE  WATER  SUPPLY  OF  TOWNS  AND  THE  CON - 
STRUCTION  OF  WATER-WORKS : A Practical  Treatise  for  the  Use  of 
Engineers  and  Students  of  Engineering.  By  W.  K.  Burton,  A. M. Inst  C E., 
Professor  of  Sanitary  Engineering  in  the  Imperial  University,  Tokyo,  Japan, 
and  Consulting  Engineer  to  the  Tokyo  Water-works.  With  an  Appendix  on 
the  Effects  of  Earthquakes  on  Waterworks,  by  John  Milne,  F.R.S.,  Pro- 
fessor of  Mining  in  the  Imperial  University  of  Japan.  With  numerous 
Plates  and  Illustrations.  Super-royal  8vo,  25s.  buckram.  [Just  published. 

“ The  whole  art  of  waterworks  construction  is  dealt  with  in  a clear  and  comprehensive  fashion 
in  this  handsome  volume.  . . . Mr.  Burton's  practical  treatise  shows  in  all  its  sections  the  fruit 
of  independent  study  and  individual  experience.  It  is  largely  based  upon  his  own  practice  in  the 
branch  of  engineering  of  which  it  treats,  and  with  such  a basis  a treatise  can  scarcely  fail  to  be  sug- 
gestive and  useful.” — Saturday  Review. 

“ Professor  Burton’s  book  is  sure  of  a warm  welcome  among  engineers.  It  is  written  in  clear 
and  vigorous  language  and  forms  an  exhaustive  treatise  on  a branch  of  engineering  the  claims  ot 
which  it  would  be  difficult  to  over-estimate." — Scotsman. 

“ The  subjects  seem  to  us  to  be  ably  discussed,  with  a practical  aim  to  meet  the  requirements 
of  all  its  probable  readers.  The  volume  is  well  got  up,  and  the  illustrations  are  excellent.” 

The  Lancet. 

Heat , Expansion  by. 

EXPANSION  OF  STRUCTURES  BY  HEAT.  By  John 
Keily,  C.E.,  late  of  the  Indian  Public  Works  and  Victorian  Railway  Depart- 
ments. Crown  8vo,  3s.  6 d.  cloth. 


Section  I.  Formulas  and  Data, 
Section  II.  Metal  Bars. 

Section  III.  Simple  Frames. 

Section  IV.  Complex  Frames  and 
Plates. 

Section  V.  Thermal  Conductivity. 


Summary  of  Contents. 


Section  VI.  Mechanical  Force  of 
Heat. 

Section  VII.  Work  of  Expansion 
and  Contraction. 
Section  VIII.  Suspension  Bridges. 
Section  IX.  Masonry  Structures. 


“The  aim  the  author  has  set  before  him,  viz.,  to  show  the  effects  of  heat  upon  metallic  and 
other  structures,  is  a laudable  one,  for  this  is  a branch  of  physics  upon  which  the  engineer  or  archi- 
tect can  find  but  little  reliable  and  comprehensive  data  in  books.” — Builder. 

“ Whoever  is  concerned  to  know  the  effect  of  changes  of  temperature  on  such  structures  as 
suspension  bridges  and  the  like,  could  not  do  better  than  consult  Mr.  Keily's  valuable  and  handy 
exposition  of  the  geometrical  principles  involved  in  these  changes.” — Scotsman. 


Earthivork,  Measurement  of. 

A MANUAL  ON  EARTHWORK.  By  Alex.  J.  S.  Graham, 
C.E.  With  numerous  Diagrams.  Second  Edition.  i8mo,  2 s.  6 d.  cloth. 

"A  great  amount  of  practical  information,  very  admirably  arranged,  and  available  for  rough 
estimates, 'as  well  as  for  the  more  exact  calculations  required  in  the  engineer’s  and  contractor  * 
offices.' — Artizan. 


Strains  in  Ironwork. 

THE  STRAINS  ON  STRUCTURES  OF  IRONWORK;  with 
Practical  Remarks  on  Iron  Construction.  By  F.  W.  Sheilds,  M.Inst.C.E, 
Second  Edition,  with  5 Plates.  Royal  8vo,  5s-  cloth. 

The  student  cannot  find  a better  little  book  on  this  subject.”— Engines*. 

Cast  Iron  and  other  Metals,  Strength  of. 

A PRACTICAL  ESSAY  ON  THE  STRENGTH  OF  CAST 
IRON  AND  OTHER  METALS.  By  Thomas  Tredgold,  C.E.  Fifth 
Edition,  including  Hodgkinson’s  Experimental  Researches.  8vo,  12s.  cloth. 


Oblique  Arches. 

A PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  OF 
OBLIQUE  ARCHES.  By  John  Hart.  Third  Edition,  with  Plates.  Im- 
perial 8vo,  8s.  cloth. 

Girders,  Strength  of. 

GRAPHIC  TABLE  FOR  FACILITATING  THE  COMPUTA- 
TION OF  THE  WEIGHTS  OF  WROUGHT  IRON  AND  STEEL 
GIRDERS,  etc.,  for  Parliamentary  and  other  Estimates.  By  J.  H.  Watson 
Buck,  M.Inst.C.E.  On  a Sheet,  2 s.  6 d. 
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marine  engineering,  shipbuilding 

NAVIGATION,  etc. 

Po$£eJ-B°0kfor  Naval  Architects  and  Shipbuildt  rs , 

POCKET  * AR^ITECT  ’S  AND  SHIPS  UILDERS 

A NDS U jfvpvnl Rules, and  Tables, and  MARINE  ENGINEER'S 
Membfr  B°°k  °f  Reference.  By  Clement  Mackrow, 

S“rp0i  the  Institution  of  Naval  Architects,  Naval  Draughtsman.  Fifth 

ta  F?aDV1m  fiddsfD  arPh  t0  a°°  ?aglS’  with  uPwards  °f  300  Illustra- 
110ns.  f cap.,  12s.  6a.  strongly  bound  m leather. 

c 0 „ Summary  of  Contents. 

Signs  and  Symbols,  Decimal  Frac- 
tions. T rigonometry.  — Practical 
CrEOMETRY.  — MENSURATION.  — CEN- 
TRES and  Moments  of  Figures  — 

Moments  of  Inertia  and  Radii  of 
Cyration.  — Algebraical  Expres- 
sions for  Simpson’s  Rules— Me- 
chanical Principles.  — Centre  of 
gravity. — Laws  of  Motion. — Dis- 
placement, Centre  of  Buoyancy.— 

Centre  of  Gravity  of  Ship’s  Hull. 

—Stability  Curves  and  Metacen- 
tres. Sea  and  Shallow-water 
Waves.— Rolling  of  Ships.— Pro- 
pulsion and  Resistance  of  Vessels. 

Speed  Trials. — Sailing,  Centre 
of  Effort.— Di stances  down  Rivers, 

Coast  Lines.— Steering  and  Rud- 
ders of  Vessels.— Launching  Cal- 
COI'ATIONS  AND  Velocities. — Weight 
of  Material  and  Gear.— Gun  Par- 
ticulars and  Weight.— Standard 
CtAuges.— Riveted  Joints  and  Rivet- 
ing.  Strength  and  Tests  of  Mate- 
rials.  — Binding  and  Shearing 
Stresses, etc.— Strength  of  Shaft- 
ing, Pillars,  Wheels,  etc  — Hy- 
draulic Data, etc.— Conic  Sections, 

Curves,— Mechanical 
Powers,  Work.— Board  of  Trade 
Regulations  for  Boilers  and  En- 

™SI!'~EOoRD  of  Trade  Regula- 
"i  th°R  ,SHIps.— : Lloyd’s  Rules 

be  found  to  contain  the  ^most  useful  tables  anH  1constru.ctl®r*  or  designs  of  vessels.  . . . Will 

budding  trade.  . . The  volume  rnnfo*  t^1,S  ^e/cr,P^,on  must  be  a necessity  in  the  shin- 
presented  in  a handy  !om."-M^n  °En^ee k™  * lnformation  Nearly  expressed  and 

Marine  Engineering . 

MARINE  ENGINES  AND  STEAM  VFSSFT  c /a  t .• 
on).  By  Robert  Murray  fF  Fiiwv  VESSELS  (A  Treatise 

considerable  Additions  by  the"  Autf  n^nod1'^00’^010'^!?  Revlsed.  with 
Senior  Surveyor  to  the  BoLd  of  TraHoa  ,,d  by  CJEORGE  Carlisle,  C.E., 

’’ Weu  adapted  to  give  the  vounv  leaf^f„d^  * Liverpool.  i2mo,  5s.  cloth  boards! 

gen"w?fee?sUuCrl°tI] baS ;hpractical  a"d  b°iicr  maker  a 

x3as 

we  should* 0Ur  mercamiIe  a»d  royal  na-.al  services, 

going  I’^Rd^on^^Mra^ht  ro^dbtot^he°e)araa^iie3'3RScertific!ueWe^  «d  *°  young  sea- 

fnspectors,  draughtsmen*  and  young  ‘ ' M°St  useful  ,0  survfyors, 


for  Boilers. — Lloyd's  Weight  of 
Chains. — Lloyd’s  Scantlings  for 
Ships.— Data  of  Engines  and  Ves- 
sels.-Ships’  Fittings  and  Tests.— 
Seasoning  Preserving  Timber.— 
Measurement  of  Timber.— Alloys, 
Paints,  Varnishes.  — Data  for 
Stowage.  — Admiralty  Transport 
Regulations.  — Rules  for  Horse- 
power, Screw  Propellers,  etc. — 
Percentages  for  Butt  Straps,  etc, 
—Particulars  of  Yachts.-  Masting 
and  Rigging  Vessels. — Distances 
of  Foreign  Ports.  — Tonnage 
Tables.  — Vocabulary  of  French 
and  English  Terms.  — English 
Weights  and  Measures.— Foreign 
Weights  and  Measures. — Decimal 
Equivalents.  — Foreign  Money  — 
Discount  and  Wage  Tables.— Use- 
Numbers  and  Ready  Reckoners 
—Tables  of  Circular  Measures.— 
Tables  of  Areas  of  and  Circum- 
ferences of  Circles.— Tables  of 
Areas  of  Segments  of  Circles.— 
Tables  of  Squares  and  Cubes  and 
Roots  of  Numbers.  — Tables  of 
Logarithms  of  Numbers. — Tables 

of  HyperbolicLogarithms.— Tables 

of  Natural  Sines,  Tangents,  etc. — 
Tables  of  Logarithmic  Sines, 
Tangents,  etc. 
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Pocket-Boolc  for  Marine  Engineers. 

A POCKET-BOOK  OF  USEFUL  TABLES  AND  FOR- 
MULAE FOR  MARINE  ENGINEERS.  By  Frank  Proctor,  A.I.N.A. 
Third  Edition.  Royal  32010,  leather,  gilt  edges,  with  strap,  4s, 

"We  recommend  it  to  our  readers  as  going  far  to  supply  a long-felt  want,"— Naval  Science. 

"A  most  useful  companion  to  all  marine  engineers."—  United  Service  Gazette. 

Introduction  to  Marine  Engineering. 

ELEMENTARY  ENGINEERING  : A Manual  for  Young  Marins 
Engineers  and  Apprentices.  In  the  Form  of  Questions  and  Answers  on 
MetaU,  Alloys,  Strength  of  Materials,  Construction  and  Management  ot 
Marine  Engines  and  Boilers,  Geometry,  &c.  &c.  With  an  Appendix  of  Useful 
Tables,  By  John  Sherren  Brewer,  Government  Marine  Surveyor,  Hong- 
kong. Second  Edition,  Revised.  Small  crown  8vo,  2 s.  cloth. 

“ Contafns  much  valuable  information  for  the  class  for  whom  it  is  intended,  especially  In  the 
chapters  on  the  management  of  boilers  and  engines.”— Nautical  Magazine, 

A useful  introduction  to  the  more  elaborate  text-books.  —Scotsman. 

“ To  a student  who  has  the  requisite  desire  and  resolve  to  attain  a thorough  knowledge,  Mr. 
Brewer  offers  decidedly  useful  help.”— Athcfueum. 

Navigation.  r m 

PRACTICAL  NAVIGATION.  Consisting  of  The  Sailors 
Sea-Book,  by  James  Greenwood  and  W.  H.  Rosser:  together  with  the 
requisite  Mathematical  and  Nautical  Tables  for  the  Working  of  the  Problems, 
by  Henry  Law,  C.E.,  and  Professor  J.  R.  Young.  Illustrated,  izmo,  7s. 
strongly  half-bound. 

Drawing  for  Marine  Engineers.  „„„„ 

LOCKIE’S  MARINE  ENGINEER’S  DRAWING -BOOK. 

Adapted  to  the  Requirements  of  the  Board  ot  Trade  Examinations.  By 
John  Lockie,  C.E.  With  22  Plates,  Drawn  to  Scale.  Royal  3vo,  3s.  6 d. 

«CThestudent  who  learns  from  these  drawings  will  have  nothing  to  unlearn."— Engineer. 

“ The  examples  chosen  are  essentially  practical,  and  are  such  as  should  prove  of  service  to 
engineers  generally,  while  admirably  fulfilling  their  specific  purpose.”— Mechanical  World. 

SaTHlEARTJAND  SCIENCE  OF  SAILMAKING.  By  Samuel 

B Sadlfr  Practical  Sailmaker,  late  in  the  employment  of  Messrs.  Ratsey 
and  Lapthorne,  of  Cowes  and  Gosport.  With  Plates  and  other  Illustrations. 

Small  4to,  12s.  6 d.  cloth. 

Summary  of  Contents 


Chap.  I.  The  Materials  used  and 
their  Relation  to  Sails.— II.  On 
the  Centre  of  Effort.  III.  On 
Measuring. — IV.  On  Drawing.  V. 
On  the  Number  of  Cloths  required. 


— VI.  On  Allowances. — VII.  Calcu- 
lation of  Gores. — VIII.  On  Cutting 
Out. — IX.  On  Roping. — X.  On  Dia- 
gonal-Cut Sails. — XI.  Concluding 
Remarks. 


HF  NuMBEROF  LLOTHo  KryuiKQu. 

, . tHIv  written  and  is  illustrated  by  diagrams  and  carefully-worked  caicula- 

‘ ^f^wmk^hoold'  b/in  the  hands  of  every  sailmaker,  whether  employer  or  employed,  as  it 
tions.  The  w°jH  sh?'i  , the  pursuit  of  their  important  avocations."—  Isle  of  It  ight  Herald. 
cann.?t r^-1'  t°  JS iSfwork  gives  a complete  education  in  all  the  branches  of  the  nanu. 

facture^  cuttin^mJt.^^pi^^s^mnlng.^ind  goring.  It  is  copiously  illustrated,  and  wdl  form  a first- 

”te  .t.e-S;bo0^ L?Vi,leW7rkh^rendererrdistinct  service  to  all  interested  in  the  art  of  sail- 
;•  The  author  of  tins : work ^“rea  a ^ , Qne  Mr  s dIer  is  a practical  sailnraker 

making,  /he  subject  of  whicti  ob5ervation  and  study  to  the  subject;  and  the  results  of  the 
experi^i^thus  gained  he'has'set  forth  in  the  volume  before  ns.-SHaw**. 

ChCIIA IN* lCAB LES  AND  CHAINS.  Comprising  Sizes  and 
_ r j :nirc  Studs  &c.,  Iron  for  Cables  and  Chains,  Chain  Cable  and 

Chain  Making  Forming ’and  Welding  Links,  Strength  of  Cables  and  Chains, 
£ for  Cables  Marking  Cables,  Prices  of  Cham  Cables  and  Chains, 

Ivl.  Ins  • ' and^Anchor  Proving  Establishments,  and  General  Supenn- 

,JS 
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mining  machinery . 

MACHINERY  FOR  METALLIFEROUS  MINES : A Practical 

Fwl'!.Lfn1MmmiEpg,rnf'erS|  Metallurgists,  and  Managers  of  Mines  By 

Cr0WQ  8V0’  380  PP,  wfth  upwards  of  31! 

mines Foodservice!1  ^ S“  manager  of 

woodcuts  and  plates  are  good.”— Athenaum*^*^  m actua  Ui>e  13  carefully  described,  and  the 

dence^aXttmc/the  a'So!l  oFthe  afnd^ «aUh‘he  Same  Eristics  which  excite  the  confi- 
be  recommended.  By  its  publication  the  lirp-raHiJlf  Peruses  the  first  page.  The  work  may  safely 
and  the  reputation  °fL  author  enhanSd.''-^«i^' industry  will  be  enriched, 

mining  appliSces.  ^His  work  carrieYintlrna?  evident  ^f  th  ” thH  be.st-of  everything-  in  modern 
stitutes  one  of  the  great  merits  of  the  book  Thrnualfnnf  l,tbe  !h?,r  s impartiality,  and  this  con- 
°wn  or  other  reliable  experience.'  -/ran  and  SueTrraTJy7urna}^  crItlclsms  are  based  °n  h* 

required  in  connectiorrwVth’metaulfeYo^s'mLrne^d'^^ne^^h  ratUSl,Hkely  t0  be  met  with  or 
recommending.”— Practical E ngincer.  in&  and  15  onevvhlch  we  have  every  confidence  in 

Metalliferous  Minerals  and  Mining. 

iJREA T.ISE  0N  METALLIFEROUS  MINERALS  AND 

for  ^j^o^pa^on  a^h^guide.”^hri-«f^yt,rn^^/derbltereSted  In  “iaes  canllav®.a  better  book 
We  are  doing  our  readers  a service  in  calling  their  attention  to  thlc  valiinM*  ^*7*$*" 

and  it  supplies  an  actuafwam/^^^L«w'!lnS:  throughout  the  world  *15  book  has  a real  value 

Earthy  Minerals  and  Mining. 

A TREATISE  ON  EARTHY  & OTHER  MIN  FT?  AT  R j \rr> 

MeBRlirifn°TT^£in{l in  the  United  Kingdom. 

teASKS 

•|ene°nffhEdition'Revised-’  SupeMoyal  8vo°rf2s  .doth1*  330  IIlustrati°us. 
^^haaSetddhe^b^nr^^^d^>^>b^'ba^^Pb^U1nfdes forsuc™^ta^rnofUIir  “ d^per  °f  M,nlng 
the  *^mentnofyt”ea rariousTubje"^  &iou4  consdentfouf^d  “fenSf^T^- 

The  book  is,  m fact,  a treasure-house  of  staf£rtr»l in^JSSSs scientlfic-.  —Engineering. 
know  of  no  other  work  embodying  so  great  a mass ^f  rn^r  ^f  T “,n,n^  subjects,  and  we 
merit  of  Mr.  Hunt  s volume,  it  wwild  Be  sufficTent  to  SnSE  ^ k,nd-  Were  this  the  only 

=33SSSSrted  “ tbe  deVd0P“‘ent  °f  *•  minmg^d^etallur^af^d^tri^of^iscountrjr^ 

be  Interested  t °f  'b<=  latest  vaiue  to  those  who  may 

Underground  Pumping  Machineru 

M^Wrect^^t^g^^^^o^d^sfeanPp^E)\n^I^<h'^>raC^Ca^  <^'I’ea*lsa 

their  merits  compared  with  other  forms  oc  °L  thn‘r  APPllc»tion,  and 

Michell.  8vo,  15s.  cloth,  Pumpmg  Machinery.  By  Stephen 

generally  who  require ^be^cquarnmd^with  th^best^nea^of65’  en^neers,  and  students 

h^sss^r*-  ^ ■*»*  abu°st  ai°ne  li 

circulation a^^stVtaSSnaeaa^TpMchase« o^maclSe^/t an  -*-ive 
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Prospecting  for  Gold  and  other  Metals. 

THE  PROSPECTOR'S  HANDBOOK:  A Guide  for  the  Pro- 

spector  and  Traveller  in  Search  of  Metal-Bearing  or  other  Valuable  Minerals. 

By  J.  W.  Anderson,  M.A.  (Camb.),  F.R.G.S.,  Author  of  “Fiji  and  New 
Caledonia.”  Sixth  Edition,  thoroughly  Revised  and  much  Enlarged.  Small 
crown  8vo,  3s.  6 d.  cloth  ; or,  4s.  6d.  leather,  pocket-book  form,  with  tuck. 

[ Just  published*. 

"Will  supply  a much  felt  want,  especially  among  Colonists,  In  whose  way  are  so  oiten  thrown 
many  mineralogical  specimens  the  value  of  which  it  is  difficult  to  determine.” — Engineer, 

"How  to  find  commercial  minerals,  and  how  to  identify  them  when  they  are  found,  are  the 
leading  points  to  which  attention  is  directed.  The  author  has  managed  to  pack  as  much  practical 
detail  into  his  pages  as  would  supply  material  for  a book  three  times  its  size.” — Mining  journal. 

Mining  Notes  and  Formtdce. 

NOTES  AND  FORMULAE  FOR  MINING  STUDENTS.  By 
John  Herman  Merivale,  M.A.,  Certificated  Colliery  Manager,  Professor  of 
Mining  in  the  Durham  College  of  Science,  Newcastle-upon-Tyne.  Third 
Edition,  Revised  and  Enlarged.  Small  crown  Svo,  2S.  6 d.  cloth. 

“ Invaluable  to  anyone  who  is  working  up  for  an  examination  on  mining  subjects." — Iron  and 
Coal  Trades  Review.  . 

" The  author  has  done  his  work  in  an  exceedingly  creditable  manner,  and  has  produced  a book 
that  will  be  of  service  to  students,  and  those  who  are  practically  engaged  in  mining  operations. 
Engineer 

Mandybook  for  Miners. 

TPIE  MINER'S  HANDBOOK  : A Handy  Book  of  Reference  on 
the  Subjects  of  Mineral  Deposits,  Mining  Operations,  Ore  Dressing,  &c. 
For  the  Use  of  Students  and  others  interested  in  Mining  matters.  Compiled 
by  John  Milne,  F.R.S.,  Professor  of  Mining  in  the  Imperial  University  ol 
Japan.  Revised  Edition.  Fcap.  8vo,  ys.  6d.  leather.  [Just  published. 

" Professor  Milne’s  handbook  is  sure  to  be  received  with  favour  by  all  connected  with  mining-* 
and  will  be  extremely  popular  among  students.”— Athauzum. 

Miners’  and  Metallurgists’  Pocket-Book. 

A POCKET-BOOK  FOR  MINERS  AND  METALLURGISTS. 
Comprising  Rules,  Formulae,  Tables,  and  Notes,  for  Use  in  Field  and  Office 
Work.  By  F.  Danvers  Power,  F.G.S.,  M.E.  Fcap.  8vo,  gs.  leather. 

“ This  excellent  book  is  an  admirable  example  of  its  kind,  and  ought  to  find  a large  sale 
amongst  English-speaking  prospectors  and  mining  engineers." — Engineering. 

" A useful  vade-mecum  containing  a mass  of  rules,  formuke,  tables,  and  various  other  mforma 
tion,  necessary  for  daily  reference.”— Iron. 

Mineral  Surveying  and  Valuing. 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COMPLETE 

GUIDE,  comprising  a Treatise  on  Improved  Mining  Surveying  and  the  Valua- 
tion of  Mining  Properties,  with  New  Traverse  Tables.  By  Wm.  Lintern. 
Third  Edition,  Enlarged.  i2mo,  4s.  cloth. 

“ A valuable  and  thoroughly  trustworthy  guide.”—  Iron  and  Coal  Trades  Review. 

Asbestos  and  its  Uses. 

ASBESTOS : Its  Properties,  Occurrence,  and.  Uses.  With  some 
Account  of  the  Mines  of  Italy  and  Canada.  By  Robert  H.  Jones.  With 
Eight  Collotype  Plates  and  other  Illustrations.  Crown  8vo,  12s.  6d.  cloth. 

An  interesting  and  invaluable  work." — Colliery  Guardian. 

EXAl°HANDB00K  ON  MODERN  EXPLOSIVES.  Being  a 

Practical  Treatise  on  the  Manufacture  and  Application  of  Dynamite  Gun- 
Cotton  Nitro-Glycerine,  and  other  Explosive  Compounds.  Including  the 
Manufacture  of  Collodion-Cotton.  By  M.  Eissler,  Author  of  The  Metal- 

^uL^not^  *»  wbom^tU*  and  the 

USe-  ?/AevS  n^e’ofmformatimi^on  the  subject  ^£S-pSed^  military,  mining 
and  blasting  purposes.” — Army  and  Navy  Gazette . 

Iron . Metallurgy  of. 

METALLURGY  OF  IRON.  Containing  History  of  Iron  Manu- 
facture, Methods  of  Assay,  and  Analyses  of  Iron  Ores  Processes  of  Manu- 
facture of  Iron  and  Steel.  &c.  By  H.  Bauerman,  F.G.S.,  Witn 

numerous  Illustrations.  Sixth  Edition,  Enlarged.  i2mo,  5s.  6<f.  cloth. 
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Colliery  management. 

THE  COLLIERY  MANAGER'S  HANDBOOK ; A Compre- 
hensive  Treatise  on  the  Laying-out  and  Working  of  Collieries,  Designed  as 
a Book  ol  Reference  for  Colliery  Managers,  and  for  the  Use  of  Coal-Mining 
Students  preparing  for  First-class  Certificates.  By  Caleb  Pamely,  Mining 
Engineer  and  Surveyor;  Member  of  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers ; and  Member  of  the  South  Wales  Insti- 
tute  of  Mming  Engineers.  With  nearly  500  Plans,  Diagrams,  and  other 
Illustrations.  Second  Edition,  Revised,  with  Additions.  Medium  8vo,  about 
700  pages.  Price  £1  5s.  strongly  bound. 

Summary  of  Contents. 

ThePriestman  OilEngine;  Petro- 
leum and  Natural  Gas— Surveying 
and  Planning. — Safety  Lamps  and 
Fire-Damp  Detectors. — Sundry  and 
Incidental  Operations  and  Appli- 
ances.— Collier  yExplosions. — Mis- 
cellaneous Questions  & Answers. 


Geology.  — Search  for  Coal.  - 
Mineral  Leases  and  other  Hold- 
ings.— Shaft  Sinking. — Fitting  Up 
the  Shaft  and  Surface  Arrange- 
ments.— Steam  Boilers  and  their 
Fittings.— Timbering  and  Walling. 
— Narrow  Work  and  Methods  of 
Working. — Underground  Convey- 
ance.—Drainage.— The  Gases  met 
with  in  Mines  ; Ventilation. — On 
the  Friction  of  Air  in  Mines.— 


Appendix-.  Summary  of  Report  of 
H.M.  Commissioners  on  Accidents 
in  Mines. 


, **  Opinions  of  the  Press. 

, , r-  Pamely  has  not  only  given  us  a comprehensive  reference  book  of  a very  high  order 
suitable  to  the  requirements  of  mining  engineers  and  colliery  managers,  but  at  the  sLnf  time  hM 
gro^d  nunmg  5 W‘th  a class-book  thit  is  “ interesting  is  it' is  i.utruaive.  '-c"/Lry 

intere^Th^^ 

' ' A engineer ^oulcf  scarcely  go 

'*X^S  k the  ™ost  complete  ‘allround’  work  on  coal-mining  published  in  the  English 
(Icranton,  Pa.,' u'.S.A0). lbmry  0f  coal'mmlne  books  U complete  without  it  ."-Colliery  Engineer 

Mr-  Pnmely's  work  is  in  all  respects  worthy  of  our  admiration.  No  person  in  anv  resnonrihle 
position  connected  with  mines  should  be  without  a copy.” — Westminster  Review.  ' 

Coal  and  Iron. 

INDUSTRIES  OF  THE  UNITED 

KINGDOM.  Comprising  a Description  of  the  Coal  Fields,  and  of  the 
hmn(ilnH  ASe  1 mS  of  Coal,  with  Returns  of  their  Produce  and  its  Distribu- 
tion, and  Analyses  of  Special  Varieties.  Also  an  Account  of  the  occurrence 
rhJi?-11  °rej  pn  Veins  Seatrns ; Analyses  of  each  Variety ; and  a History  ot 
the  Rise  and  Progress  of  Pig  Iron  Manufacture.  By  Richard  Meade  Assistant 
Keeper  °fMlnin|Rec°rds.  With  Maps.  8vo,  £i  8s.  cloth.  ’ S D' 

Pr°^aQtf°t^ia^dQ|;  ^^^^^'^^"^^hc^mctaJlurgicaf  hMi^ri^.^— ln  COid  “d  Uo“ 

i^-S 

Coal  Mining. 

COAL  MINING:  A Rudimentary  Treatise  on.  By 

the  late  Sir  Warington  W.  Smyth  M A p r c Sjn  r^uz^c  t , r, 
Mines  of  the  Crown.  ^ 

numerous  Illustrations,  igmo,  4s.  cloth  boards  c-margea,  with 

Subterraneous  Surveying. 

T^lEonli^US,h  S?£V£YING>  Elementary  and  Practical 

X2s%&a& 

GRANITES  AND  OUR  GRANITE  INDUSTRIES  Bv 

••  ^ Clefly  a.nd  well-written  manual  on  the  granite  Industry 
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Gold,  Metallurgy  of. 

THE  METALLURGY  OF  GOLD  : A Practical  Treatise  on  the 
Metallurgical  Treatment  of  Gold-bearing  Ores.  Including  the  Processes  of 
Concentration  and  Chlorination,  and  the  Assaying,  Melting,  and  Refining  of 
Gold.  By  M.  Eissler,  Mining  Engineer  and  Metallurgical  Chemist,  formerly 
Assistant  Assayer  of  the  U.  S.  Mint,  San  Francisco.  Third  Edition,  Revised 
and  greatly  Enlarged.  With  187  Illustrations.  Crown  8vo,  12s.  6 d.  doth. 

“ This  book  thoroughly  deserves  its  title  of  a * Practical  Treatise.’  The  whole  process  of  gold 
milling,  from  the  breaking  of  the  quartz  to  the  assay  of  the  bullion,  is  described  in  clear  and 
orderly  narrative  and  with  much,  but  not  too  much,  fulness  of  detail ."—Saturday  Rcviru ■. 

“ The  work  is  a storehouse  of  information  and  valuable  data,  and  we  strongly  recommend  it  to 
all  professional  men  engaged  in  the  gold-mining  industry." — Minins  Journal, 


Gold  Extraction < 

THE  CYANIDE  PROCESS  OF  GOLD  EXTRACTION  : and 
its  Practical  Application  on  the  Witwatersrand  Gold  Fields  in  South  Africa. 
By  M.  Eissler,  M.E.,  Mem.  Inst.  Mining  and  Metallurgy,  Author  of  “ The 
Metallurgy  of  Gold,”  &c.  With  Diagrams  and  Working  Drawings.  Large 
crown  8vo,  7 s.  6 d.  cloth.  [j  » s r published. 

" This  book  is  just  what  was  needed  to  acquaint  mining  men  with  the  actual  working  of  a pro- 
cess which  is  not  only  the  most  popular,  but  is,  as  a general  rule,  the  most  successful  for  the  extrac- 
tion of  gold  from  tailings." — Mining  Journal. 

41  The  work  will  prove  invaluable  to  all  interested  in  gold  mining,  whether  metallurgists  or  as 
investors.” — Chemical  News. 


Silver,  Metallurgy  of. 

THE  METALLURGY  OF  SILVER  : A Practical  Treatise  on 
the  Amalgamation,  Roasting,  and  Lixiviation  of  Silver  Ores.  Including  the 
Assaying,  Melting  and  Refining,  of  Silver  Bullion.  By  M.  Eissler,  Author 
of  ‘‘The  Metallurgy  of  Gold,"  &c.  Second  Edition,  Enlarged.  With  150 
Illustrations.  Crown  8vo,  10s.  6 d.  cloth. 

“ A practical  treatise,  and  a technical  work  which  we  are  convinced  will  supply  a long-felt  want 
amongst  practical  men,  and  at  the  same  time  be  of  value  to  students  and  ethers  indirectly  connected 
with  the  industries.’’ — Mining  Journal.  ^ ^ 

“ From  first  to  last  the  book  is  thoroughly  sound  and  reliable.  —Colliery  Guardian. 

"For  chemists,  practical  miners,  assay ers,  and  investors  alike,  we  do  not  know  of  any  work 
on  the  subject  so  handy  and  yet  so  comprehensive."—  Glasgow  Herald, 


Lead,  Metallurgy  of. 

THE  METALLURGY  OF  ARGENTIFEROUS  LEAD:  A 
Practical  Treatise  on  the  Smelting  of  Silver-Lead  Ores  and  the  Refining  of 
Lead  Bullion.  Including  Reports  on  various  Smelting  Establishments  and 
Descriptions  of  Modern  Smelting  Furnaces  and  Plants  in  Europe  and 
America.  By  M.  Eissler,  M.E.,  Author  of  “The  Metallurgy  of  Gold,  &c. 
Crown  8vo,  400  pp.,  with  183  Illustrations,  12s.  6 d.  cloth. 

• ■ The  numerous  metallurgical  processes,  which  are  fully  and  extensively  treated  of,  embrace 
all  the  stages  experienced  in  the  passage  of  the  lead  from  the  various  natural  states  to  its  issue 
from  the  refinery  as  an  article  of  commerce."— Practical  Engineer. 

• The  present  volume  fully  maintains  the  reputation  of  the  author.  Those  who  wish  to  obtain 

. * . • ...  . *ui/-  indurtvir  /-innot  Hn  hpttpr  than  rpp  n f n 1 tt  volume  - 
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the  work  of  an  expert  for  experts,  by  whom  it  will  be  prized  as  an  indispensable  text-book. 
Bristol  Mercury. 


Iron  Mining. 

THE  IRON  ORES  OF  GREAT  BRITAIN  AND  IRELAND: 
Their  Mode  of  Occurrence,  Age,  and  Origin,  and  the  Methods  of  Searching 
for  and  Working  them,  with  a Notice  of  some  of  the  Iron  Ores  of  Spam. 
By  J.  D.  Kendall,  F.G.S.,  Mining  Engineer.  Crown  8vo,  16s.  cloth. 

“ The  author  has  a thorough  practica  knowledge  of  his  subject,  and  has  supplemented  a care- 
ful study  of  the  available  literature  by  unpublished  information  derived  from  his  own  observations. 
The  result  is  a very  useful  volume  which  cannot  fail  to  be  of  value  to  all  interested  in  the  iron 

in ^ -St^r .°Kerul a?JUis ^^thorft y on  this  subject  and  writes  from  personal  observation."- 

"'•MrCKcS;  book  is  thoroughly  well  done.  In  it  there  are  the  outlines  of  the  history  of 
ore  mining  in  every  centre  and  there  is  everything  that  we  want  to  know  as todhe  eharacter^ oftb« 
ores  of  each  district,  their  commercial  value  and  the  cost  of  woiktng  them.  Iron  and  Steel 
Trades  Journal. 
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Electrical  Engineering. 

THE  ELECTRICAL  ENGINEER'S  POCKET-BOOK  OF 
MODERN  RULES,  FORMULAE,  TABLES,  AND  DATA.  By  H.  R. 
Kempe,  M.Inst.E.E.,  A.M.Inst.C.E.,  Technical  Officer,  Postal  Telegraphs, 
Author  of  “ A Handbook  of  Electrical  Testing,”  &c.  Second  Edition, 
thoroughly  Revised,  with  Additions.  With  numerous  Illustrations.  Royal 
32mo,  oblong,  5s.  leather. 

" There  is  very  little  in  the  shape  of  formulae  or  data  which  the  electrician  is  likely  to  want 
In  a hurry  which  cannot  be  found  in  its  p^ges.” — Practical  Engineer. 

“A  very  useful  book  of  reference  for  daily  use  in  practical  electrical  engineering  and  its 
various  applications  to  the  industries  of  the  present  day.” — Iron. 

“ It  is  the  best  book  of  its  kind.” — Electrical  Engineer. 

“Well  arranged  and  compact.  The  ‘ Electrical  Engineer’s  Pocket-Book’  Is  a good  one.’’— 
Electrician. 

“Strongly  recommended  to  those  engaged  In  the  various  electrical  industries.”— Electrical 
Review , 

Electric  Lighting. 

ELECTRIC  LIGHT  FITTING:  A Handbook  for  Working 
Electrical  Engineers,  embodying  Practical  Notes  on  Installation  Manage- 
ment. By  John  W.  Urquhart,  Electrician,  Author  of 11  Electric  Light.’’ &c. 
With  numerous  Illustrations.  Second  Edition,  Revised,  with  Additional 
Chapters.  Crown  8vo,  5s.  cloth, 

“This  volume  deals  with  what  may  be  termed  the  mechanics  of  electric  lighting,  and  Is 
addressed  to  men  who  are  already  engaged  in  the  work  or  are  training  for  it.  The  work  traverses 
a great  deal  of  ground,  and  may  be  read  as  a sequel  to  the  same  author’s  useful  work  on  ' Electric 
Light.’  ” — Electrician. 

“ This  is  an  attempt  to  state  In  the  simplest  language  the  precautions  which  should  be  adopted 
In  installing  the  electric  light,  and  to  give  information,  for  the  guidance  of  those  who  have  to  run 
the  plant  when  installed.  The  book  is  well  worth  the  perusal  of  the  workmen  for  whom  it  is 
written.” — Electrical  Review. 

“We  have  read  this  book  with  a good  deal  of  pleasure.  We  believe  that  the  book  will  be  of 
use  to  practical  workmen,  who  will  not  be  alarmed  by  finding  mathematical  formulae  which  they 
are  unable  to  understand."— Electrical  Plant. 

“ Eminently  practical  and  useful.  . . . Ought  to  be  in  the  hands  of  everyone  in  charge  of 
an  electric  light  plant.  — E lectrical  E ngineer. 

“ Mr.  Urquhart  has  succeeded  in  producing  a really  capital  book,  which  we  have  no  hesitation 
in  recommending  to  the  notice  of  working  electricians  and  electrical  engineers.” — Mechanical 
World. 

Electric  Light. 

ELECTRIC  LIGHT : Its  Production  and  Use,  Embodying  Plain 
Directions  for  the  Treatment  of  Dynamo-Electric  Machines,  Batteries, 
Accumulators,  and  Electric  Lamps.  By  J.  W.  Urquhart,  C.E.,  Author  of 
“ Electric  Light  Fitting,”  “Electroplating,”  &c.  Fifth  Edition,  carefully 
Revised,  with  Large  Additions  and  145  Illustrations.  Crown  8vo,  75.  6d.  cloth. 
“ The  whole  ground  of  electric  lighting  is  more  or  less  covered  and  explained  in  a very  clear 
and  concise  manner.” — Electrical  Review. 

“Contains  a good  deal  of  very  interesting  information,  especially  in  the  parts  where  the 
author  gives  dimensions  and  working  costs.” — Electrical  Engineer. 

“ A miniature  vade-mecum  of  the  salient  facts  connected  with  the  science  of  electric  light- 
ing.”— Electrician. 

“You  cannot  for  your  purpose  have  a better  book  than  ‘Electric  Light,’ by  Urquhart."— 
Eng  inter. 

“ The  book  is  by  far  the  best  that  we  have  yet  met  with  on  the  subject.” — Athenaum. 

Construction  of  Dynamos. 

DYNAMO  CONSTRUCTION  : A Practical  Handbook  for  the  Use 

of  Engineer  Constructors  and  Electricians-in-Charge . Embracing  Frame- 
work Building,  Field  Magnet  and  Armature  Winding  and  Grouping,  Com- 
pounding, &c.  With  Examples  of  leading  English,  American,  and  Conti- 
nental Dynamos  and  Motors.  By  J.  W.  Urquhart,  Author  of  “Electric 
Light, ’*  “ Electric  Light  Fitting,”  &c.  Second  Edition,  Revised  and  En- 
larged. With  1 14  Illustrations.  Crown  8vo,  ys.  6 d.  cloth.  |_  Just  published. 
“Mr.  Urquhart’s  book  is  the  first  one  which  deals  with  these  matters  in  such  a way  that  the 
engineering  student  can  understand  them.  The  book  is  very  readable,  and  the  author  leads  his 
readers  up  to  difficult  subjects  by  reasonably  simple  tests.” — Engineering  Review. 

“ The  author  deals  with  his  subject  in  a style  so  popular  as  to  make  his  volume  a handbook  of 
great  practical  value  to  engineer  contractors  and  electricians  in  charge  of  lighting  installations. ”— 
Scotsman. 

‘“Dynamo  Construction’  more  than  sustains  the  high  character  of  the  author’s  previous 
publications.  It  is  sure  to  be  widely  read  by  the  large  and  rapidly-increasing  number  of  practical 
electricians." — Glasgow  Herald. 

“ A book  for  which  a demand  has  long  existed."— Mechanical  World.  — 
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A New  Dictionary  of  Electricity. 

THE  STANDARD  ELECTRICAL  DICTIONARY.  A Popu. 
lar  Dictionary  of  Words  and  Terms  Used  in  the  Practice  of  Electrical  Engi- 
neering. Containing  upwards  of  3,000  Definitions.  By  T.  O’Connor  Sloane 
A.M.,  Ph.D.,  Author  of  ‘‘The  Arithmetic  of  Electricity,”  &c.  Crown  8vo, 
630  pp.,  350  Illustrations,  7 s.  6 d.  cloth.  [Just  published. 

“The  work  has  many  attractive  features  in  it,  and  is  beyond  doubt,  a well  put  together  ana 
useful  nublication.  The  amount  of  ground  covered  may  be  gathered  from  the  fact  that  in  the 
index  about  5,000  references  will  be  found.  The  inclusion  of  such  comparatively  modem  words 
as  ‘ impedeoce,’  ‘reluctance,’  &c.,  shows  that  the  author  has  desired  to  be  up  to  date,  and  indeed 
there  are  other  indications  df  carefulness  of  compilation.  The  work  is  one  which  does  the  author 
great  credit  and  it  should  prove  of  great  value,  especially  to  students.”— Electrical  Review. 

“ Very  complete  and  contains  a large  amount  of  useful  information.”— Industries. 

“An  encyclopaedia  of  electrical  science  in  the  compass  of  a dictionary.  The  information 
given  is  sound  and  clear.  The  book  is  well  printed,  well  illustrated,  and  well  up  to  date,  and  may 
be  confidently  recommended." — Builder. 

"The  volume  is  excellently  printed  and  illustrated,  and  should  fbrm  part  of  the  library  of 
every  one  who  is  connected  with  electrical  matters.”— Hardware  Trade  Journal , 

Electric  Lighting  of  Ships. 

ELECTRIC  SHIP-LIGHTING  : A Handbook  on  the  Practical 

Fitting  and  Running  of  Ship’s  Electrical  Plant.  For  the  Use  of  Shipowners 
and  Builders,  Marine  Electricians,  and  Sea-going  Engineers-in-Charge.  By 
T.  W#  Urquhart,  C.E.  With  88  Illustrations.  Crown  8vo,  7s.  6d.  cloth. 

“ The  subject  of  ship  electric  lighting  is  one  of  vast  importance  in  these  days,  and  Mr.  Urqu* 
hart  is  to  be  highly  complimented  for  placing  such  a valuable  work  at  the  service  of  the  practical 
marine  electrician.” — The  Steamship. 

“ Distinctly  a book  which  of  its  kind  stands  almost  alone,  and  for  which  there  should  be  a 
demaid.' — Electrical  Review. 

Country  House  Electric  Lighting. 

ELECTRIC  LIGHT  FOR  COUNTRY  HOUSES  : A Practical 

Handbook  on  the  Erection  and  Running  of  Small  Installations,  with  par- 
ticulars of  the  Cost  of  Plant  and  Working.  By  J.  H.  Knight.  Crown  8vo, 
is.  wrapper.  [J«s<  published. 

Electric  Lighting. 

THE  ELEMENTARY  PRINCIPLES  OF  ELECTRIC  LIGHT - 
ING.  By  Alan  A.  Campbell  Swinton,  Associate  I.E.E.  Third  Edition, 
Enlarged  and  Revised.  With  16  Illustrations.  Crown  8vot  is.  6 d.  cloth. 
“Anyone  who  desires  a short  and  thoroughly  clear  exposition  of  the  elementary  principles  of 
electric -lighting  cannot  do  better  than  read  this  little  work.” — Bradford  Observer . 

D ynamic  Electricity. 

THE  ELEMENTS  OF  DYNAMIC  ELECTRICITY  AND 
MAGNETISM.  By  Philip  Atkinson,  A.M.,  Ph.D.,  Author  of  “The  Ele- 
ments of  Electric  Lighting,”  &c.  Cr.  8vo,  with  120  Illustrations,  10s.  6 d.  cl. 

Electric  Motors , &c. 

THE  ELECTRIC  TRANSFORMATION  OF  POWER  and  its 
Application  by  the  Eleciric  Motor,  including  Electric  Railway  Construction. 
By  P.  Atkinson,  A M.,  Ph.D.,  Author  of  “The  Elements  of  Electric  Light- 
ing," &c.  With  96  Illustrations.  Crown  8vo,  7 s.  6 d.  cloth. 

Dynamo  Construction. 

HO  W TO  MA  KE  A D YNAMO  : A Practical  Treatise  for  A mateurs. 
Containing  numerous  Illustrations  and  Detailed  Instructions  for  Construct- 
ing a Small  Dynamo,  to  Produce  the  Electric  Light.  By  Alfred  Crofts. 
Fourth  Edition,  Revised  and  Enlarged . Crown  8vo,  2s.  cloth. 

“The  instructions  given  in  this  unpretentious  little  book  are  sufficiently  clear  and  explicit  to 
enable  any  amateur  mechanic  possessed  of  average  skill  and  the  usual  tools  to  be  found  in  an 
amateur's  workshop,  to  build  a practical  dynamo  machine.”— Electrician. 

Tenet  Book  of  Electricity. 

THE  STUDENT’S  TEXT-BOOK  OF  ELECTRICITY.  By 
Henry  M.  Noad,  F.R.S.  630  pages,  with  470  Illustrations.  Cheaper  Edition. 
Crown  8vo,  gs.  cloth.  [j  ust  published. 

Electricity. 

A MANUAL  OF  ELECTRICITY : Including  Galvanism , Mag. 
nelism,  Dia-Magnettsm,  Electro-Dynamics.  By  Henry  M.  Noad,  Ph  D.,  F.R.S. 
Fourth  Edition  (1859).  8vo,  £1  4s.  cloth. 
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Building  Construction. 

PRACTKAL  BUILDING  CONSTRUCTION : A Handbook 

for  Students  Preparing  for  Examinations,  and  a Book  of  Reference  for 
Persons  Engaged  in  Building.  By  John  P.  Allen,  Surveyor,  Lecturer  on 

mob  TJ?e  author  depends  nearly  as  much  on  his  diagrams  as  on  his  type  The  nap-es  cmrwcf 

the  VOlume  must  b^blessiffto 

ac°tly  t^conven^ent^scal^s.^— purP0^es  of  iGference^iii  ex! 

The  New  London  Building  Act,  1891. 

LONDON  BUILDING  ACT,  1894;  with  the  By-Laws 

rase?681)}3!10^13  °f  D16  .London  County  Council,  and  Introduction  Notes 

SaSliSSr  ffiiWtf’ i 

“a  ai“'1“  *"a  «'■  u~m m»ua  S i iffitff- 

Ca^rr,rfSmylr.d°UbtleSS  tS  eafferly  COnsulted  by  ,he  buildi"£T  fraternity.' --Illustrated 

CONCRETE:  ITS  NATURE  AND  USES.  A Book  for 
Sutc“Se,  A.R.LB8 AC°c"vi  ?A^clod,°f  W°fkS'  ??  L. 

is  Jhe  manna,  fi,,s  aCLg2“  gap^fi 

'Journal  of  Royal  InskPMn  IfBrSifk  Architects  * d * archltect  s b°°“  °f  reference.' 

the  sutjetf ^“i/dlr's* be  f°r  S°me  time  the  standard  on 

A thoroughly  useful  and  comprehensive  work.”— British  Architect. 

Mechanics  for  Architects. 

\Hy  JtEClHANICS  0F  ARCHITECTURE : A Treatise  on 
T^NeH  A"  A&enf  "t!!7  tdaP'ed  to‘he  Use  of  Architects  By  E.  W 

jority  of  building  problems  Hamming  student  to  grasp  the  principles  bearing  upon  the  ma- 

sa  twi&s  jafe*  “ s *•  s*s*«iMBSS 

wrou£bt  in  with 

lhe  New  Builder’s  Price  Boole.  1895 

LOCKWOOD'S  BUILDER'S  PRICE  BOOK  FOR  iSos  A 
Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  n -l , ^ 
Architects,  Engineers,  and  Contractors.  By  Francis  T W Miller*  d 8™ 
.F'°?eJy-Prln‘ed  pages,  crown  8vo,  45.  cloth.  I.  W.  Miller,  800 

the  bu*Idin£  and  engin^ring^p*rof«stons/'-^/rnfMvdrfrj^aCe  *“  every  En8Iish  office  connected  with 
„ excellent  book  of  reference.’’— A rchitect. 

hensiven,  rel“7e?^  bo^nd/'-X^I  ArchuL h&~cam^- 

Designing  Buildings. 

sirif^Tt.  ^•'W^iSsssrsKSs  wt.  asr 

» S c"  ™'*FrcRU?,c ,“'hbr;'““'  „™  ,f,i 

and  Edited  by  W.  H.  F'S‘A'  Revised 
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Villa  Architecture. 

A HANDY  BOOK  OF  VILLA  ARCHITECTURE : Being  a 
Series  of  Designs  for  Villa  Residences  in  various  Styles.  With  Outline 
Specifications  and  Estimates.  By  C.  Wickes,  Architect,  Author  of  The 
Spires  and  Towers  of  England,”  &c.  61  Plates,  4to,  £i  ns.  6 d.  half-morocco. 

“ The  whole  of  the  designs  bear  evidence  of  their  being  the  work  of  an  artistic  architect,  ana 
they  will  prove  very  valuable  and  suggestive.”— Building  News. 

Text- Bo  ok  for  Architects. 

THE  ARCHITECT’S  GUIDE:  Being  a Text-Book  of  Useful 
Information  for  Architects , Engineers , Surveyors , Contractors , Clerks  of 
Works,  &c.  &c.  By  Frederick  Rogers,  Architect.  Third  Edition.  Crown 

8vo,  3S.  6d . cloth.  . _ ..  „ .. 

" As  a text-book  of  useful  information  for  architects,  engineers,  surveyors,  &c.,  it  would  be 
hard  to  find  a handier  or  more  complete  little  volume.”— Statidard. 

Taylor  and  Cresy’ s Rome.  „ -c 

THE  ARCHITECTURAL  ANTIQUITIES  OF  ROME.  By 
the  late  G.  L.  Taylor,  Esq.,  F.R.I.B.A.,  and  Edward  Cresy  Esq  New 
Edition,  thoroughly  Revised  by  the  Rev.  Alexander  Taylor,  M. A.  (son  ot 
the  late  G.  L.  Taylor,  Esq.),  Fellow  of  Queen  s College,  Oxford,  and  Chap- 
lain of  Gray’s  Inn.  Large  folio,  with  13c  Plates,  £3  3*-  half-bound. 

“ Taylor  and  Cresy 's  work  has  from  its  first  publication  been  ranked  among  those  professlo  al 
books  which  cannot  be  bettered,”— Architect. 

Linear  Perspective.  , 

ARCHITECTURAL  PERSPECTIVE  : The  whole  Course  and 
Operations  of  the  Draughtsman  in  Drawing  a Large  House  in  Linear  Per- 
spective. Illustrated  by  « Folding  Plates.  By  F.  O.  Ferguson.  Second 

‘ is  the  most'inteffigibl^of0 1 hef  treatises^m  this  ill-treated  subject  that  I have  met  with."- 
E.  INGRESS  Bell,  Esq.,  in  the  R.I.B.A.  Journal. 

Architectural  Drawing. 

PRACTICAL  RULES  ON  DR  A WING,  for  the  Operative  Builder 
and  Young  Student  in  Architecture.  By  George  Pyne.  With  14  Plates,  4to, 
7S.  6 d.  boards. 

Vitruvius’  Architecture.  „ rrr-rnrmmc  D nr  t m 

THE  ARCHITECTURE  of  MARCUS  VITRUVIUS  POLLIO. 
Translated  by  Joseph  Gwilt,  F.S.A.,  F.R.A.S.  New  Edition,  Revised  by 
the  Translator.  With  23  Plates.  Fcap.  8vo,  5s-  cloth. 

Designing,  Measuring,  and  Valuing. 

THE  STUDENTS  GUIDE  to  the  PRACTICE  of  MEASUR- 
ING AND  VALUING  ARTIFICERS'  WORK.  Containing  Directions  for 
taking  Dimensions,  Abstracting  the  same,  and  bringing  the  QuanUUes  inW 
Bill  with  Tables  of  Constants  for  Valuation  of  Labour,  and  ior 
don  of  Areas  and  Solidities.  Originally  edited  by  Edward Airhrtect 
With  Additions  by  E.  Wyndham  Tarn,  M.A.  Sixth  Edition.  With  a Plates 

fou  nd ^dre  mos t 

valuing  artificers’  work  that  has  yet  been  published.  —Building  Unis. 

Pocket  Estimator  and  Technical  Guide. 

THE  POCKET  TECHNICAL  GUIDE,  MEASURER,  ANV 

Waistcoat-pocket  size,  is.  6 d.  leather,  gut  edges.  , "-Building News. 

Donaldson  on  Specifications.  _ . , 

THE  HANDBOOK  OF  SPECIFICATIONS:  or,  Practical 

Gride  to  the  Architect,  Engineer,  Surveyor,  and 

Specifications  and  Contracts  for  Works  En- 

Precedents  of  Buildings  actually  executed  by  . jjew  Edidon, 

gineers.  By  Professor  T.  L.  Donaldson  P.R.LB  A 

8vo.  with  upwards  of  1,000  Pafe®, of  Jf*4,  precedents  . . . Suffice  It  to 

say  ihaLDon^^tn's^HE^bo^cb^Specilklad^^’^fi5^  * bought  by  all  architects.’’-**^. 
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Bartholomew  and  Rogers’  Specifications. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE. 
A Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder.  With  an  Essay 
on  the  Structure  and  Science  of  Modern  Buildings.  Upon  the  Basis  of  the 
Work  by  Alfred  Bartholomew,  thoroughly  Revised,  Corrected,  and  greatly 
added  to  by  Frederick  Rogers,  Architect.  Third  Edition,  Revised,  with 
Additions.  With  numerous  Illustrations.  Medium  8vo,  15s.  cloth. 

" The  collection  of  specifications  preparedly  Mr.  Rogers  on  the  basis  of  Bartholomew's  work 
ii  too  well  known  to  need  any  recommendation  from  us.  It  is  one  of  the  books  with  which  every 
young  architect  must  be  equipped.” — Architect. 

Construction. 

THE  SCIENCE  OF  BUILDING  : An  Elementary  Treatise  on 
the  Principles  of  Construction.  By  E.  Wyndham  Tarn,  M.A.,  Architect. 
Third  Edition,  Revised  and  Enlarged.  With  59  Engravings.  Fcap.  8vo,  4s.  cl. 
"A  very  valuable  book,  which  we  strongly  recommend  to  all  students.” — Builder . 

House  Building  and  Repairing. 

THE  HOUSE-OWNER'S  ESTIMATOR  ; or,  What  will  it  Cost 
to  Build,  Alter,  or  Repair?  A Price  Book  for  Unprofessional  People,  as 
well  as  the  Architectural  Surveyor  and  Builder.  By  J.  D.  Simon.  Edited  by  F. 
T.  W.  Miller,  A.R.I.B.A.  Fourth  Edition.  Crowp  8vo,  3s.  6d.  cloth. 

"In  two  years  it  will  repay  its  cost  a hundred  times  over." — Field. 

Cottages  and  Villas. 

COUNTRY  AND  SUBURBAN  COTTAGES  AND  VILLAS: 

How  to  Plan  and  Build  Them.  Containing  33  Plates,  with  Introduction, 
General  Explanations,  and  Description  of  each  Plate.  By  James  W.  Bogle, 
Architect,  Author  of  “ Domestic  Architecture,"  &c.  4to,  10s.  6 d.  cloth. 

Building  ; Civil  and  Ecclesiastical. 

A BOOK  ON  BUILDING,  Civil  and,  Ecclesiastical,  including 
Church  Restoration  ; with  the  Theory  of  Domes  and  the  Great  Pyramid,  &c. 
By  Sir  Edmund  Beckett,  Bart.,  LL.D.,  F.R.A.S.  Fcap.  8vo,  5s.  cloth. 

“ A book  which  is  always  amusing  and  nearly  always  instructive." — Times. 

Sanitary  Houses,  etc. 

THE  SANITARY  ARRANGEMENT  OF  DWELLING- 
HOUSES:  A Handbook  for  Householders  and  Owners  of  Houses.  By  A. 
J.  Wallis-Tayler,  A.M.  Inst.  C.E.  With  numerous  Illustrations.  Crown 
8vo,  2 s.  6d.  cloth.  [Just  published. 

“ This  book  will  be  largely  read ; it  will  be  of  considerable  service  to  the  public.  It  is  welt 
arranged,  easily  read,  and  for  the  most  part  devoid  of  technical  terms.” — Lancet. 

Ventilation  of  Buildings. 

VENTILATION . A Text  Booh  to  the  Practice  of  the  Art  of 

Ventilating  Buildings.  By  W.  P.  Buchan,  R.P.  i2mo,  4s.  cloth. 

“ Contains a .great  amount  of  useful  practical  information,  as  thoroughly  interesting  as  it  is 
technically  reliable.  — British  Architect. 


The  Art  of  Plumbing. 

PLUMBING.  A Text  Book  to  the  Practice  of  the  Art  or  Craft  of 
the  Plumber.  By  William  Paton  Buchan,  R.P.  Sixth  Edition.  4s.  cloth. 
A text-book  which  may  be  safely  put  in  the  hands  of  every  young  plumber." — Builder. 


Geometry  for  the  Architect,  Engineer,  etc. 

PRACTICAL  GEOMETRY , for  the  Architect,  Engineer,  and 
Mechanic.  Giving  Rules  for  the  Delineation  and  Application  of  various 
Geometrical  Lines,  Figures  and  Curves.  By  E.  W.  Tarn,  M.A.,  Architect. 
8vo,  9s.  cloth. 

. “,N-3  J00k  wit  J ‘J16  ??me  obJec,s  ,n  View  has  ever  been  published  In  which  the  dearness  of  the 
rules  laid  down  and  the  illustrative  diagrams  have  been  so  satisfactory.” — Scotsman. 


The  Science  of  Geometry. 

THE  GEOMETRY  OF  COMPASSES ; or,  Problems  Resolved 
c Description  of  Circles , and  the  use  of  Coloured  Diagrams  and 

Symbols.  By  Oliver  Byrne.  Coloured  Plates.  Crown  8vo,  3s.  6 d.  cloth. 
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Tredgold’s  Carpentry,  Revised  & Enlarged  by  Tam. 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY. 
A Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the  Resist- 
ance of  Timber,  and  the  Construction  of  Floors,  Arches,  Bridges,  Roofs, 
Uniting  Iron  and  Stone  with  Timber,  &c.  To  which  is  added  an  Essay 
on  the  Nature  and  Properties  ot  Timber,  &c.,  with  Descriptions  of  the  kinds 
of  Wood  used  in  Building  ; also  numerous  Tables  of  the  Scantlings  of  Tim- 
ber for  different  purposes,  the  Specific  Gravities  of  Materials,  &c.  By  Thomas 
Tredgold,  C.E.  With  an  Appendix  of  Specimens  of  Various  Roofs  of  Iron 
and  Stone,  Illustiated.  Seventh  Edition,  thoroughly  revised  and  considerably 
enlarged  by  E.  Wyndham  Tarn,  M.A.,  Author  of  “The  Science  of  Build- 
ing,” &c.  With  61  Plates,  Portrait  of  the  Author,  and  several  Woodcuts.  In 
One  large  Vol.,  4to,  price  £i  5 s.  cloth. 

“ Ought  to  be  in  every  architect’s  and  every  builder’s  library.” — Builder. 

“ A work  whose  monumental  excellence  must  commend  it  wherever  skilful  carpentry  Is  con* 
cerned.  The  author’s  principles  are  rather  confirmed  than  Impaired  by  time.  The  additional 
plates  are  of  great  intrinsic  value.” — Building  News. 

Woodworking  Machinery. 

WOODWORKING  MACHINERY : Its  Rise,  Progress,  and 
Construction.  With  Hints  on  the  Management  of  Saw  Mills  and  the  Economi- 
cal Conversion  of  Timber.  Illustrated  with  Examples  of  Recent  Designs  by 
leading  English,  French,  and  American  Engineers.  By  M.  Powis  BalEi 
A.M.Inst.C.E.,  M.I.M.E.  Second  Edition,  Revised,  with  large  Additions. 
Large  crown  8vo,  440  pp.,  9s.  cloth.  [Just  published. 

" Mr.  Bale  is  evidently  an  expert  on  the  subject  and  he  has  collected  so  mucn  Information  that 
the  book  is  all-sufficient  for  builders  and  others  engaged  in  the  conversion  of  timber.  Architect. 

“The  most  comprehensive  compendium  of  wood- working  machimery  we  have  seen.  The 
author  is  a thorough  master  of  his  subject.” — BuUding  News. 


Saw  Mills. 

SA  W MILLS  : Their  Arrangement  and  Management,  and  the 
Economical  Conversion  of  Timber.  (A  Companion  Volume  to  “Woodwork- 
ing Machinery.”)  By  M.  Powis  Bale.  Crown  8vo,  ios.  6if.  cloth. 

“ The  administration  of  a large  sawing  establishment  Is  discussed,  and  the  subject  examined 
from  a financial  standpoint.  Hence  the  si*e,  shape,  order,  and  disposition  of  saw-mills  and  the 
like  are  gone  into  in  detail,  and  the  course  of  the  timber  is  traced  from  its  reception  to  its  delivery 
In  its  converted  state.  We  could  not  desire  a more  complete  or  practical  treatise.  —Buuaer. 

Nicholson’s  Carpentry. 

THE  CARPENTER'S  NEW  GUIDE ; or,  Book  of  Lines  for  Car- 
penters ; comprising  all  the  Elementary  Principles  essential  for  acquiring  a 
knowledge  of  Carpentry.  Founded  on  the  late  Peter  Nicholson  s Standard 
Work.  New  Edition,  Revised  by  A.  Ashpitel,  F.S.A.  With  Practical 
Rules  on  Drawing,  by  G.  Pynb.  With  74  Plates,  4to,  £1  is.  cloth. 

Handrailing  and  Stairbailding. 

A PRACTICAL  TREATISE  ON  HANDRAILING  : Showing 
New  and  Simple  Methods  tor  Finding  the  Pitch  of  the  Plank,  Drawing  the 
Moulds,  Bevelling,  Jointing-up,  and  Squaring  the  Wreath.  By  George 
Collings.  Second  Edition,  Revised  and  Enlarged,  to  which  is  added  A 
Treatise  on  Stairbuilding,  umo,  2s.  6d.  cloth  limp.  „ _ 

••  Will  be  found  of  practical  utility  In  the  execution  of  this  difficult  branch  of  joinery.  -Butlaer. 
Almost  every  difficult  phase  of  this  somewhat  intricate  branch  of  joinery  is  elucidated  by  the 
aid  of  plates  and  explanatory  letterpress."— Furniture  Gazette. 

^CIRCULAR  WORK  IN  CARPENTRY  AND  JOINERY : A 

Practical  Treatise  on  Circular  Work  of  Single  a.nd  Double  Curvature  By 
George  Collings.  With  Diagrams.  Second  Edit,  itmo,  2s.  6d.  cloth  limp. 
••  An  excellent  example  of  what  a book  of  this  kind  should  be.  Cheap  In  price,  clear  in  definl* 
• on  and  practical  in  the  examples  selected.”— Builder. 

Handrailing. 

HANDRAILING  COMPLETE  IN  EIGHT  LESSONS.  On 
thp  Snnare-Cut  Svstem.  By  T.  S.  Goldthorp,  Teacher  of  Geometry  and 
Building  Construction  at  the  Halifax  Mechanic’s  Institute.  With  Eight 
Plates  and  over  150  Practical  Exercises.  4to,  3s.  6a.  cloth. 

>.  i ikelv  to  be  of  considerable  value  to  joiners  and  others  who  take  a pride  m good  work, 
we  heartily  c mmend  t to  teachers  and  students.”— 7 imbcr  Trades  Journal. 
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Timber  Merchant’s  Companion. 

THE  TIMBER  MERCHANTS  AND  BUILDER'S  COM- 
PANION. Containing  New  and  Copious  Tables  of  the  Reduced  Weight  and 
Measurement  of  Deals  and  Battens,  of  all  sizes,  from  One  to  a Thousand 
Pieces,  and  the  relative  Price  that  each  size  bears  per  Lineal  Foot  to  any 
given  Price  per  Petersburg  Standard  Hundred  ; the  Price  per  Cube  Foot  of 
Square  Timber  to  any  given  Price  per  Load  of  50  Feet;  the  proportionate 
Value  of  Deals  and  Battens  by  the  Standard,  to  Square  Timber  by  the  Load 
of  50  Feet;  the  readiest  mode  of  ascertaining  the  Price  of  Scantling  per 
Lineal  Foot  of  any  size,  to  any  given  Figure  per  Cube  Foot,  &c.  &c.  By 
William  Dowsing.  Fourth  Edition,  Revised  and  Corrected.  Cr.  8vo,  3s.  cl. 
" Everything  is  as  concise  and  clear  as  it  can  possibly  be  made.  There  can  be  no  doubt  that 
every  timber  merchant  and  builder  ought  to  possess  it.” — Hull  Advertiser. 

‘‘We  are  glad  to  see  a fourth  edition  of  these  admirable  tables,  which  for  correctness  and 
simplicity  of  arrangement  leave  nothing  to  be  desired.” — Titnber  Trades  Journal. 

Practical  Timber  Merchant. 

THE  PRACTICAL  TIMBER  MERCHANT.  Being  a Guide 

for  the  use  of  Building  Contractors,  Surveyors,  Builders,  &c.,  comprising 
useful  Tables  for  all  purposes  connected  with  the  Timber  Trade,  Marks  of 
Wood,  Essay  on  the  Strength  of  Timber,  Remarks  on  the  Growth  of  Timber, 
&c.  By  W.  Richardson.  Fcap.  8vo,  3s.  6d.  cloth. 

“This  handy  manual  contains  much  valuable  information  for  the  use  of  timber  merchants, 
builders,  foresters,  and  all  others  connected  with  the  growth,  sale,  and  manufacture  of  timber.” — 
Journal  of  Forestry . 

Timber  Freight  Book. 

THE  TIMBER  MERCHANT'S,  SAW  MILLER'S,  AND 
IMPORTER'S  FREIGHT  BOOK  AND  ASSISTANT.  Comprising  Rules, 
Tables,  and  Memoranda  relating  to  the  Timber  Trade.  By  William 
Richardson,  Timber  Broker;  together  with  a Chapter  on  “Speeds  of  Saw 
Mill  Machinery,”  by  M.  Powis  Bale,  M.I.M.E.,  &c.  i2mo,  3s.  6d.  cl.  boards, 
“ A very  useful  manual  of.  rules,  tables,  and  memoranda  relating  to  the  timber  trade.  We  re* 
commend  it  as  a compendium  of  calculation  to  all  timber  measurers  and  merchants,  and  as  supply* 
Ing  a real  want  in  the  trade.”— Building  News. 

Packing-Case  Makers,  Tables  for. 

PACKING-CASE  TABLES ; showing  the  number  of  Super- 
ficial Feet  in  Boxes  or  Packing-Cases,  from  six  inches  square  and  upwards. 
By  W.  Richardson,  Timber  Broker.  Third  Edition.  Oblong  4to,  3s.  6d.  c). 

"Invaluable  labour-saving  tables." — Ironmonger, 

"Will  save  much  labour  and  calculation.” — Grocer , 

Superficial  Measurement. 

THE  TRADESMAN'S  GUIDE  TO  SUPERFICIAL  ME  A- 

SUREMENT.  Tables  calculated  from  i to  200  inches  in  length,  by  1 to  108 
inches  in  breadth.  For  the  use  of  Architects,  Surveyors,  Engineers,  Timber 
Merchants,  Builders,  &c.  By  James  Hawkings.  Fourth  Edition.  Fcap., 
3s.  6 d.  cloth. 

" A useful  collection  of  tables  to  facilitate  rapid  calculation  of  surfaces.  The  exact  area  of  any 
surface  of  which  the  limits  have  been  ascertained  can  be  instantly  determined.  The  book  will  be 
found  of  the  greatest  utility  to  all  engaged  in  building  operations." — Scotsman. 

“ These  tables  will  be  found  of  great  assistance  to  all  who  require  to  make  calculations  in  super* 
ficial  measurement.”— English  Mechanic, 

Forestry. 

THE  ELEMENTS  OF  FORESTRY.  Designed  to  afford  In- 
formation  concerning  the  Planting  and  Care  of  Forest  Trees  for  Ornament  or 
Profit,  with  Suggestions  upon  the  Creation  and  Care  of  Woodlands.  By  F.  B. 
Hough,  Large  crown  8vo,  ros.  cloth, 

Timber  Importer’s  Guide. 

THE  TIMBER  IMPORTER 'S,  TIMBER  MERCHANT'S,  AND 
BUILDER'S  STANDARD  GUIDE.  By  Richard  E.  Grandy.  Compris- 
ing an  Analysis  of  Deal  Standards,  Home  and  Foreign,  with  Comparative 
Values  and  Tabular  Arrangements  for  fixing  Net  Landed  Cost  on  Baltic 
and  North  American  Deals,  including  all  intermediate  Expenses,  Freight, 
Insurance,  &c.  &c.  Together  with  copious  Information  for  the  Retailer  and 
Builder.  Third  Edition,  Revised.  i2mo,  2s.  cloth  limp. 

“Everything;  it  pretends  to  be:  built  up  gradually,  it  leads  one  from  a forest  to  a treenail,  and 
throws  in,  as  a makeweight,  a host  of  material  concerning  bricks,  columns,  cisterns,  &c ."—Fnglis/t 
Mechanic. 
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DECORATIVE  ARTS,  eto. 


Woods  and  Marbles  (Imitation  of). 


SCHOOL  OF  PAINTING  FOR  THE  IMITATION  OF  WOODS 
AND  MARBLES,  as  Taught  and  Practised  by  A.  R.  Van  der  Burg  and  P. 
Van  der  Burg,  Directors  of  the  Rotterdam  Painting  Institution.  Royal  folio, 
iSi  by  iai  in.,  Illustrated  with  24  full-size  Coloured  Plates;  also  12  plain 
Plates,  comprising  rj4  Figures.  Second  and  Cheaper  Edition.  Price  £1  ns.bd. 


List  of  Plates. 


1.  Various  Tools  required  for  Wood  Fainting 
—a,  3.  Walnut:  Preliminary  Stages  of  Graining 
and  Finished  Specimen  — 4.  T ools  used  for 
Marble  Painting  and  Method  of  Manipulation— 
q 6.  St.  Reml  Marble:  Earlier  Operations  and 
Finished  Specimen— 7.  Methods  of  Sketching 
different  Grains,  Knots,  &c. — 8,  9.  Ash:  Pre- 
liminary Stages  and  Finished  Specimen— 10. 
Methods  of  Sketching  Marble  Grains— 11,12. 
Breche  Marble:  Preliminary  Stages  of  Working 
and  Finished  Specimen— 13.  Maple : Methods 
of  Producing  the  different  Grains — 14, 15.  Bird  s- 
eye  Maple:  Preliminary  Stages  and  Finished 
Specimen— 16.  Methods  of  Sketching  the  dif- 
ferent Species  of  White  Marble— 17,  18.  White 
Marble:  Preliminary  Stages  of  Process  and 


Finished  Specimen— 19.  Mahogany:  Specimen* 
of  various  Grains  and  Methods  of  Manipulation 
— 20,  21.  Mahogany:  Earlier  Stages  and  Finished 
Specimen — 22,23,  24.  Sienna  Marble:  Varieties 
of  Grain,  Preliminary  Stages  and  Finished 
Specimen — 25,  26,  27.  Juniper  Wood:  Methods 
of  producing  Grain,  &c.:  Preliminary  Stages 
and  Finished  Specimen — 28,  29,  30.  Vert  de 
Mer  Marble:  Varieties  of  Grain  and  Methods 
of  Working  Unfinished  and  Finished  Sped- 
mens— 31.  32.  33.  Oak:  Varieties  of  Grain,  Tools 
Employed,  and  Methods  of  Manipulation,  Pre- 
liminary Stages  and  Finished  Specimen— 34,  35. 
36.  Waulsort  Marble:  Varieties  of  Grain,  Un- 
finished and  Finished  Specimens. 


•'  Those  who  desire  to  attain  skill  in  the  art  of  painting  woods  and  marbles  wM  find  advantage 
(n  coriiiltipg  this  book.  . . Some  of  the  Working  Men’s  Clubs  should  give  them  young  men 

1116  °PiC  The  explanations  of  the  processes,  the  manipulation  and 

mana^ment  of  the  colours,  and  the  beautifully  executed  plates  wUf  not  be  the  least  valuable  to  the 
student  who  aims  at  making  his  work  a faithful  transcript  of  nature.  Building  News. 


Wall  Paper. 

WALL  PAPER  DECORATION.  By  Arthur  Seymour 
Jennings,  Author  of  “ Practical  Paper  Hanging."  With  numerous  Illustra- 
tions. Demy  8vo.  Un  preparation. 


House  Decoration. 

ELEMENTARY  DECORATION.  A Guide  to  the  Simpler 
Forms  of  Everyday  Art.  Together  with  PRACTICAL  HOUSE  DECORA- 
TION.  By  Tames  W.  Facey,  With  numerous  Illustrations.  In  One  /oJ., 
5s.  strongly  half- bound. 


House  Painting,  Graining,  etc. 

HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 

WRITING  A Practical  Manual  of.  By  Ellis  A.  Davidson.  Sixth  Edition. 
With  Coloured  Plates  and  Wood  Engravings.  i2mo,  6s.  cloth  boards. 

..  \ mass  of  information,  of  use  to  the  amateur  and  of  value  to  the  practical  man."— English 

kf'chanic. 


Decorators,  Receipts  for. 

THE  DECORATOR'S  ASSISTANT:  A Modern  Guide  to  De- 
corative Artists  and  Amateurs,  Painters,  Writers,  Gilders,  &c.  Containing 
upwards  of  600  Receipts,  Rules  and  Instructions  ; with  a variety  of  Informa- 
tion for  General  Work  connected  with  every  Class  of  Interior  and  Exterior 
Decorations,  &c.  Sixth  Edition.  152  pp.,  crown  8vo,  is.  in  wrapper. 

“ Pull  nf  receints  of  value  to  decorators,  painters,  gilders,  &c.  The  book  contains  the  gist : of 
,arger  «ea^es  on?oSlour  and  technical  processes.  It  would  be  difficult  to  meet  with  a work  so  fuU 
of  varied  information  on  the  painters  art.  —Building  News. 

Movr  Smith  on  Interior  Decoration. 

ORNAMENTAL  INTERIORS,  ANCIENT  AND  MODERN. 
Bv  T Moyr  Smith.  Super-royal  8vo,  with  32  full-page  Plates  and  numerous 
Smaller  Illustrations,  handsomely  bound  in  cloth,  gilt  top,  price  18s. 

M The  book  is  well  illustrated  and  handsomely  got  up,  andcontalns  some  true  criticism  and 
good  many  good  examples  of  decorative  treatment.  —The  Builder. 
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British  and  Foreign  Marbles. 

MARBLE  DECORATION  and  the  Terminology  of  British  and 
Foreign  Marbles.  A Handbook  for  Students.  By  George  H.  Blagrove, 
Author  of  “ Shoring  and  its  Application,"  &c.  With  28  Illustrations.  Crown 
Svo,  3s.  6 d.  cloth. 

“ This  most  useful  and  much  wanted  handbook  should  be  In  the  hands  of  every  architect  and 
builder.” — Building  World. 

**  A carefully  and  usefully  written  treatise  ; the  work  is  essentially  practical." — Scotsman 

Marble  Working , etc. 

MARBLE  AND  MARBLE  WORKERS : A Handbook  for 
Architects,  Artists,  Masons,  and  Students.  By  Arthur  Lee,  Author  of  “ A 
Visit  to  Carrara,”  “ The  Working  of  Marble,”  &c.  Small  crown  8vo,  2 s.  cloth. 
" A really  valuable  addition  to  the  technical  literature  of  architects  and  masons.” — Building 
News.  


DELAMOTTE'S  WORKS  ON  ILLUMINATION  AND  ALPHABETS. 


A PRIMER  OF  THE  ART  OF  ILLUMINATION,  for  the  Use  of 

Beginners  : with  a Rudimentary  Treatise  on  the  Art,  Practical  Directions  for 
its  E tercise,  and  Examples  taken  from  Illuminated  MSS.,  printed  in  Gold  and 
Colours.  By  F.  Delamottk.  New  and  Cheaper  Edition.  Small  4to,  6s.  orna- 
mental boards. 

"The  examples  of  ancient  MSS.  recommended  to  the  student,  which,  with  much  good  sense, 
the  author  chooses  from  collections  accessible  to  ail,  are  selected  with  judgment  and  knowledge, 
as  well  as  taste." — Athenaum. 

ORNAMENTAL  ALPHABETS,  Ancient  and  Medieval,  from  the 
Eighth  Century,  with  Numerals;  including  Gothic,  Church-Text,  large  and 
small,  German,  Italian,  Arabesque,  Initials  for  Illumination,  Monograms, 
Crosses,  &c.  &c.,  for  the  use  of  Architectural  and  Engineering  Draughtsmen, 
Missal  Painters,  Masons,  Decorative  Painters,  Lithographers,  Engravers, 
Carvers,  &c.  &c.  Collected  and  Engraved  by  F.  Delamotte,  and  printed  in 
Colours.  New  and  Cheaper  Edition.  Royal  8vo,  oblong,  2s.  6 d.  ornamental 
boards. 

“ For  those  who  Insert  enamelled  sentences  round  gilded  chalices,  who  blazon  shop  legends  over 
shop-doors,  who  letter  church  walls  with  pithy  sentences  from  the  Decalogue,  this  book  will  be  use* 
tub" — Atheruzum . 

EXAMPLES  OF  MODERN  ALPHABETS,  Plain  and  Ornamental ; 
including  German,  Old  English,  Saxon,  Italic,  Perspective,  Greek,  Hebrew, 
Court  Hand,  Engrossing,  Tuscan,  Riband,  Gothic,  Rustic,  and  Arabesque  j 
with  several  Original  Designs,  and  an  Analysis  of  the  Roman  and  Old  English 
Alphabets,  large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen,  Sur- 
veyors, Masons,  Decorative  Painters,  Lithographers,  Engravers,  Carvers,  &c, 
Collected  and  Engraved  by  F.  Delamotte,  and  printed  in  Colours.  New 
and  Cheaper  Edition.  Royal  8vo,  oblong,  2S.  6 d.  ornamental  boards. 

"There  Is  comprised  In  It  every  possible  shape  into  which  the  letters  of  the  alphabet  and 
numerals  can  be  formed,  and  the  talent  which  has  been  expended  In  the  conception  of  the  varioua 
plain  and  ornamental  letters  is  wonderful." — Standard. 

MEDIAEVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI - 
NATORS.  By  F.  G.  Delamotte.  Containing  21  Plates  and  Illuminated 
Title,  printed  in  Gold  and  Colours.  With  an  Introduction  by  T.  Willis 
Brooks,  Fourth  and  Cheaper  Edition.  Small  4to,  4s.  ornamental  boards. 

" A volume  In  which  the  letters  of  the  alphabet  come  forth  glorified  in  gilding  andall  the  colours 
of  the  prism  interwoven  and  intertwined  and  intermingled.” — Sun. 

THE  EMBROIDERER’S  BOOK  OF  DESIGN.  Containing 
Initials,  Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesiastical 
Devices,  Mediaeval  and  Modern  Alphabets,  and  National  Emblems.  Col- 
lected by  F.  Delamotte,  and  printed  in  Colours.  Oblong  royal  8vo,  is.  6d. 
ornamental  wrapper. 

“ The  book  will  be  of  great  assistance  to  ladles  and  young  children  who  are  endowed  with  the 
art  of  plying  the  needle  in  this  most  ornamental  and  useful  pretty  work.”— East  Anglian  Times. 


Wood  Carving. 

INSTRUCTIONS  IN  WOOD-CARVING,  for  Amateurs ; with 
Hints  on  Design.  By  A Lady.  With  Ten  Plates.  New  and  Cheaper  Edition. 
Crown  8vo,  2 s.  in  emblematic  wrapper. 

" The  handicraft  of  the  wood-carver,  so  well  as  a book  can  mpart  It  may  be  Jearat  from  ' A 
Lady's’  publication." — A tit  ’nceum 
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NATURAL  SCIENCE,  etc. 


The  Heavens  and  their  Ordain. 

THE  VISIBLE  UNIVERSE:  Chapters  on  the  Origin  and 
Construction  of  the  Heavens.  By  J.  E.  Gore,  F.R.A.S.  Illustrated  by  6 
Stellar  Photographs  and  12  Plates,  8vo,  16s.  cloth. 

“ A valuable  and  lucid  summary  of  recent  astronomical  theory,  rendered  more  valuable  and 
attractive  by  a senes  of  stellar  photographs  and  other  illustrations."—  The  Titrus. 

“ In  presenting  a clear  and  concise  account  of  the  present  state  of  our  knowledge.  Mr.  Gore 
has  made  a valuable  addition  to  the  literature  of  the  subject."— Nature. 

“ As  interesting  as  a novel,  and  instructive  withal ; the  text  being  made  still  more  luminous  by 
stellar  photographs  and  other  illustrations.  . . . A most  valuable  book." — Manchester  Examiner 
“ One  of the  finest  works  on  astronomical  science  that  has  recently  appeared  in  our  language. 

The  Constellations, 

STAR  GROUPS:  A Student’s  Guide  to  the  Constellations.  By 
J.  Ellard  Gore,  F.R.A.S.,  M.R.I.A.,  &c.,  Author  of  “ The  Visible  Universe  ’ 
“ The  Scenery  of  the  Heavens.”  With  30  Maps.  Small  4to,  5s.  cloth,  silvered. 
“A  knowledge  of  the  principal  constellations  visible  in  our  latitudes  may  be  easily  acquired 
from  the  thirty  maps  and  accompanying  text  contained  in  this  work."— Nature. 

“ The  volume  contains  thirty  maps  showing  stars  of  the  sixth  magnitude— the  usual  naked-eye 
limit -and  each  is  accompanied  by  a brief  commentary,  adapted  to  facilitate  recognition  and  bring 
to  notice  objects  of  special  interest.  For  the  purpose  of  a preliminary  survey  of  the  • midnight  pomp  ■ 
of  the  heavens,  nothing  could  be  better  than  a set  of  delineations  averaging  scarcely  twenty  square 
inches  in  area,  and  including  nothing  that  cannot  at  once  be  identified."— Saturday  Review. 

“ A very  compact  and  handy  guide  to  the  constellations."— Athataum. 

Astronomical  Terms. 


AN  ASTRONOMICAL  GLOSSARY ; or,  Dictionary  of  Terms 
used  in  Astronomy.  With  Tables  of  Data  and  Lists  of  Remarkable  and 
Interesting  Celestial  Objects.  By  J.  Ellard  Gore,  F.R.A.S.,  Author  of 
“ The  Visible  Universe,”  &c.  Small  crown  8vo,  2s.  6d.  cloth. 

“ A very  useful  little  work  for  beginners  in  astronomy,  and  not  to  be  despised  by  more  ad- 
vanced students." — The  Times. 

“ Astronomers  of  all  kinds  will  be  glad  to  have  it  for  reference."—  Guardian. 


The  Microscope. 

THE  MICROSCOPE  : Its  Construction  and  Management,  in- 
cluding Technique,  Photo-micrography,  and  the  Past  and  Future  of  the 
Microscope.  By  Dr.  Henri  van  Heurck.  Re-Edited  and  Augmented  from 
the  Fourth  French  Edition,  and  Translated  by  Wynne  E.  Baxter,  F.G.S. 
400  pages,  with  upwards  of  250  Woodcuts.  Imp.  8vo,  18s.  cloth. 

“ A translation  of  a well-known  work,  at  once  popular  and  comprehensive.'’—  Times. 

“ The  translation  is  as  felicitious  as  it  is  accurate.” — Nature. 

Tito  J\JLi/C7*osco][)o» 

PHOTO-MICROGRAPHY.  By  Dr.  H.  van  Heurck.  Extracted 
from  the  above  Work.  Royal  8vo,  with  Illustrations,  is.  sewed. 

Astronomy. 

ASTRONOMY.  By  the  late  Rev.  Robert  Main,  F.R.S. 
Third  Edition,  Revised,  by  Wm.  T.  Lynn,  B.A.,  F.R.A.S.,  i2mo,  2s.  cloth. 
“ A sound  and  simple  treatise,  and  a capital  book  for  beginners.”—  Knowledge. 


Hecent  and  Fossil  Shells. 

A MANUAL  OF  THE  MOLLUSCA  : Being  a Treatise  on  Recent 
and  Fossil  Shells.  By  S.  P.  Woodward,  A. L.S.,  F.G.S.  With  an  Appendix 
on  Recent  and  Fossil  Conchological  Discoveries,  by  Ralph  Tate,  A.L.S., 
F.G.S.  With  23  Plates  and  upwards  of  300  Woodcuts.  Reprint  of  Fourth 
Edition,  1880.  Crown  8vo,  7s.  6 d.  cloth. 

“ A most  valuable  storehouse  of  conchological  and  geological  Information.  "—Science  Gossip. 

Geology  and  Genesis. 

THE  TWIN  RECORDS  OF  CREATION;  or,  Geology  and 
Genesis:  their  Perfect  Harmony  and  Wonderful  Concord.  By  George  W. 
Victor  le  Vaux.  Fcap.  8vo,  5 s.  cloth. 

“ A valuable  contribution  to  the  evidences  of  Revelation,  and  disposes  very  conclusively  of  the 
arguments  of  those  who  would  set  God’s  Works  against  God  s Word.  No  real  difficulty  is  shirked 
and  no  sophistry  is  left  unexposed.”— The  Rock. 

Geology. 

RUDIMENTARY  TREATISE  ON  GEOLOGY,  PHYSICAL 
AND  HISTORICAL.  With  especial  reference  to  the  British  series  of 
Rocks.  By  R.  Tate,  F.G.S.  With  250  Illustrations.  i2ino,  5s.  cloth  boards. 
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DR.  LARDNER’S  COURSE  OF  NATURAL  PHILOSOPHY. 


HANDBOOK  OF  MECHANICS.  Re-written  and  Enlarged  by 

B.  Loewy,  F.R.A.S.  Post  8vo,  6s.  cloth. 

"Mr.  Loewy  has  carefully  revised  the  book,  and  brought  it  up  to  modern  requirements. 
Nature. 


HANDBOOK  OF  HYDROSTATICS  &■  PNEUMATICS.  Enlarged 

by  B.  Loewy,  F.R.A.S.  Post  8vo,  5s.  cloth. 

‘‘For  'who  desire  to  attain  an  accurate  knowledge  of  physical  science  without  the  pro- 
found methods  of  mathematical  investigation,  ’ this  work  is  well  adapted.'*— Chemical  News. 

HANDBOOK  OF  HEAT.  Edited  and  almost  entirely  Re-written 

by  Benjamin  Loewy,  F.R.A.S.,  &c.  Post  8vo,  6s.  cloth. 

" The  style  is  always  clear  and  precise,  and  conveys  Instruction  without  leaving  any  cloudiness 
or  lurking  doubts  behind.”— Engineering, 

HANDBOOK  OF  OPTICS.  By  Dr.  Lardner.  Edited  by  T.  O. 
Harding,  B.A.  Post  8vo,  5s.  cloth. 

“Written  by  an  able  scientific  writer  and  beautifully  illustrated."— Mechanics  Magazine. 

HANDBOOK  OF  ELECTRICITY  AND  MAGNETISM.  By  Dr. 

Lardner.  Edited  by  G.  C.  Foster,  B.A.  Post  8vo,  5s.  cloth. 

" The  book  could  not  have  been  entrusted  to  anyone  better  calculated  to  preserve  the  terse  and 
lucid  style  of  Lardner.”— Popular  Science  Rroiew . 


HANDBOOK  OF  ASTRONOMY.  By  Dr.  Lardner.  Fourth 
Edition  by  E.  Dunkin,  F.R.A.S.  Post  8vo,  9 s.  6 d.  cloth. 

" Probably  no  other  book  contains  the  same  amount  of  information  in  so  compendious  and  well- 
arranged  a form— certainly  none  at  the  price  at  which  this  is  offered  to  the  public.”— Athenctum. 
c.  "JVe  ^ do  no.°S1®r  than  pronounce  this  work  a most  valuable  manual  of  astronomy,  and  we 
lt  t(?aU  Wn°  t0  accluire  a general — but  at  the  same  time  correct— acquaint- 
ance with  this  sublime  science.  — Quarterly  Journal  of  Science . 


DR.  LARDNER’S  MUSEUM  OF  SCIENCE  AND  ART . 


THE  MUSEUM  OF  SCIENCE  AND  ART.  Edited  by 
Dr.  Lardner.  With  upwards  of  1,200  Engravings  on  Wood.  In  6 Double 
Volumes,  £1  is.  in  a new  and  elegant  cloth  binding  ; or  handsomely  bound  in 
half-morocco,  31s.  6d. 

cttKw'f'c  C«faEr,aniintereStIj?ff  publication,  alike  Informing  and  attractive.  The  papers  comblnt 
mnd? s^leTSen“if^r!entlfiC  kn0wledge'  c0^iderable  inductive  powers,  and  a 

of  Science  and  Art’  is  the  most  valuable  contribution  that  has  ever  been 
A Instruction  oi  every  class  of  society."— Sir  David  Brewster,  In  the 

***  Separate  books  formed  from  the  above , fully  Illustrated,  suitable  for 
Workmen’s  Libraries,  Science  Classes,  etc. 

Steam  and  its  Uses.  2 s.  cloth. 
Popular  Astronomy.  4s.6d.doth. 
The  Bee  and  White  Ants.  zs.  cloth. 
The  Electric  Telegraph,  is.  6 d. 


Common  Things  Explained.  5s 
The  Microscope.  2 s.  cloth. 
Popular  Geology.  2s.  6 d.  cloth. 
Popular  Physics.  2 s.  6 d,  cloth. 


Dr.  Lardner’s  School  Handbooks. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.  Fcap.  8vo  «.  6 d. 

Review. VCr^  convenient  class-book  for  junior  students  in  private  schools."~British  Quarterly 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.  Fcap.  8vo,  3s  6 d 

"Clearly  written,  well  arranged,  and  excellently  iUustrated.''-GWe»«-’r  Chronicle 

THE  ELECTRIC  TELEGRAPH.  By  Dr.  Lardner.  ’ Re- 
„„  VIsed  by  E'  B'  Bright,  F.R.A.S.  Fcap.  8vo,  2s.  6d.  cloth 
One.of  the  most  readable  books  extant  on  the  Electric  Telegraph.’ "-English  Mechanic. 
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CHEMICAL  MANUFACTURES,  CHEMISTRY. 

Chemistry  for  Engineers,  etc. 

ENGINEERING  CHEMISTRY  : A Practical  Treatise  for  tha 

Use  of  Analytical  Chemists,  Engineers,  Iron  Masters,  Iron  Founders, 
Students,  and  others.  Comprising  Methods  of  Analysis  and  Valuation  of  the 
Principal  Materials  used  in  Engineering  Work,  with  numerous  Analyses, 
Examples,  and  Suggestions.  By  H.  Joshua  Phillips,  F.I.C.,  r.C.a. 
formerly  Analytical  and  Consulting  Chemist  to  the  Great  Eastern  Railway. 
Second  Edition,  Revised  and  Enlarged.  Crown  8vo,  400  PP'^ust  pished. 

•MnthU^o^th'e^uthOT  has  rendered  no  small  service  to  a numerous  body  of  p^^^^ 

. . . The  analytical  methods  may  be  pronounced  most  satisfactory,  being  as  accurate  as  the 
despatch  required  of  engineering  chemists  permits.”— Chemical  ...  nnnlied  to  the 

••Those  in  search  of  a hancfy  treatise  on  the  subject  of  analytical 
every-day  requirements  of  workshop  practice  wiU  find  this  volume  of  grea : ass  stance-  Jrm. 

••The  first  attempt  to  bring  forward  a Chemistry  specially  written fort he use  of  engmeej^ 
and  we  have  no  hesitation  whatever  in  saying  that  it  should  at  once  be  in  the  pos  I 

railway  engineer.” — The  Rail-way  Engineer.  ermine  of  aooroved 

“ The  book  will  be  very  useful  to  those  who  require  a handy  and  c°ncis . f chemists  ?a  guide 
methods  of  analysing  and  valuing  metals,  oils,  fuels,  &c.  A “J* uii  of  good  things.  As  a hand- 
to  the  routine  of  the  engineering  laboratory.  .(  . . rhe  b00lc  13  IUU  ° K B 

book  of  technical  analysis,  it  is  very  welcome.' —Builder.  Trnoin^rini»  Chemistry  covers, 

“ Considering  the  extensive  ground  which  such  a subject  as  Eng  g the  analytical 

the  work  is  complete,  and  recommends  itself  to  both  the  practising  a y 

student. " — Chemical  Trade  Journal.  HWelv  to  give  rapid  and  trust- 

“The  analytical  methods  given  are.  as  a whole,  such  as  hkely  ££  jJptlhe  work,  the 
worthy  results  in  experienced  hands.  There  is  much  excellent  desc  P "—Engineer, 
chapter  on  ‘ Oils  and  Lubrication  1 being  speciaUy  noticeable  in  this  respect,  ungrtnee 

Alkali  Trade,  Manufacture  of  Sulphuric  Acid,  etc. 

A MANUAL  OF  THE  ALKALI  TRADE,  including  the 

Manufacture  of  Sulphuric  Acid,  Sulphate  of  S|oda,  and  Bleaching  ' 

By  John  Lomas,  Alkali  Manufacturer  Ne^tle-u^-T^a^^odoo^ 
With  232  Illustrations  and  Working  Drawings,  and  contain  g 39  P 8 
Text.  Second  Edition,  with  Additions.  Super-royal  8vo^i  to^loth^ ^ 
•This  book  i»  written  by  a manufacturer  for  bvZ'^S  thin  a3a  wood  ec 

approved  forms  of  apparatus  are  given,  a*e  , rnn£t^ction  Every  step  in  the  manu* 

graving!,  all  of  which  may  be  used  for  the  purposes  of  construction.  uveiv 

IctmtHs  very  fully  described  in  this  manual,  and  each  principles  of  the  trade. 

•'  We  find  not  merely  a sound  and  luminous  explanation ioL the  ctmnucaJ  s|P<.esjfill  conduct 
but  a notice  of  numerous  matters  which  have  a mo s t imp o rtan t bf  acini'  «» aathors,"-- 
of  aiirah  works,  but  which  are  generally  overlooked  by  even  experienced  1 & 

Chemical  Review. 

lhT HE  °BLOWPIP E IN  CHEMISTRY,  MINERALOGY,  AND 
GEOLOGY.  Containing  all  known  Methods  of  Anhydrous  Analysis,  many 
Working  Examples,  and  Instructions  for  Making  Apparatus.  By  Lieut.- 
Colonel  W.  A.  Ross,  R.A.,  F.G.S.  With  120  Illustrations.  Second  Edition. 
Revised  and  Enlarged.  Crown  8vo,  5s.  cloth.  . . 

“The  student  who  goes  through  the  course  of  experimentation  he re  Bid , down  ga  - 

a better  insight  into  inorganic  chemistry  and  mineralogy  than  if  he  had  go .up  any of  the  be 
teat-books,  and  passed  any  number  of  examinations  in  their  contents.  — Chemical  rvrrvr. 

Commercial  Chemical  Analysis.  ,r~,-  » . 

THE  COMMERCIAL  HANDBOOK  OF  CHEMICAL  ANA- 
LYSIS: or,  Practical  Instructions  for  the  determination  of  the  Intrinsic  o. 
Commercial  Value  of  Substances  used  in  Manufactures,  in  Trades,  and  in 
the  Arts.  By  A.  Normandy,  Editor  of  Rose's.  • Treatise  on  Chemical 
Analysis.”  New  Edition,  to  a great  extent  Re-written  by  Henry  M.  Noad, 
Ph  D.,  F.R.S.  With  numerous  Illustrations.  Crown  8vo,  12s.  6d.  cloth 

“We  strongly  recommend  this  book  to  our  readers  as  a guide,  alike  indispensable  to  the 

housewife  as  to  the  pharmaceutical  practitioner."— Mutual  Times.  results  are  given 

“ Essential  to  the  analysts  appointed  under  the  new  Ai  t.  The  most  recent  results  aieg.v 
and  the  work  is  well  edited  and  carefully  written.'  —Nature. 

Dye- Wares  and  Colours.  _,  . 

THE  MANUAL  OF  COLOURS  AND  DYE-WARES  . Their 

Properties,  Applications, Valuations  Impurities,  and  So^.sttcaUons,  For  the 
use  of  Dyers,  Printers,  Drysalters,  Brokers,  &c.  By  J.  W.  Slater. 

Edition  Revised  and  greatly  Enlarged.  Crown  8vo,  7s.  6d.  clotn. 

“A  complete  encyclopedia  of  the  materia  ttnctoria.  The  ill  form  ati  onP1i'^n^.J1  ^ ^J.se  s,' 

article  is  full  and  precise,  and  the  methods  ot  de‘«^ra™n|  weU re  valuaWo.’- CAr 

liable  to  sophistication,  are  given  with  clearness,  and  are  practical  as  wen  as 

no  other  work  which  covers  precisely  the  same  ground.  TcjgtogW-frB 
for  examinations  in  dyeing  and  printing  It  will  [wove  exceedingly  useful.  - Chemical  New 
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Modern  . Brewing  and  Malting. 

A HANDYBOOK  FOR  BREWERS:  Being  a Practical  Guide 

to  the  Art  of  Brewing  and  Malting.  Embracing  the  Conclusions  of  Modern 
Research  which  bear  upon  the  Practice  of  Brewing.  By  Herbert  Edwards 
Wright,  M.A.  Crown  8vo,  550  pp.,  12s.  6 d.  cloth. 

. Ma?  be  consulted  with  advantage  by  the  student  who  is  preparing  himself  for  examinational 
tests,  while  the  scientific  brewer  will  find  in  it  a resume  of  all  the  most  important  discoveries  of 
modem  times.  The  work  is  written  throughout  in  a clear  and  concise  manner,  and  the  author  takes 
great  care  to  discriminate  between  vague  theories  and  well-established  facts."— Brewers'  journal 
We  have  great  pleasure  in  recommending  this  handybook,  and  have  no  hesitation  iii 
saying  that  It  is  one  of  the  best-if  not  the  blst-which  haJ  yet  been  written  on  thfsubje?t  of 
— IrfcVrrwc^Guardla?? ' ^ 5h°uId  have  a Place  the  shelves  of  every  brewer's  library." 

.“  Although  the  requirements  of  the  student  are  primarily  considered,  an  acquaintance  ofhalf- 
tm«^orthdULat'dn  ca  jnot  {aS  lmPr«ss  the  practical  brewer  with  the  sense  of  having  found  a 
trustworthy  guide  and  practical  counsellor  in  brewery  matters."—  Chemical  Trade  Journal. 

Analysis  and  Valuation  of  Fuels. 

FUELS : SOLID,  LIQUID,  AND  GASEOUS,  Their  Analysis 

and  Valuation.  For  the  Use  of  Chemists  and  Engineers.  By  H J Phillips 
F.C.S.,  formerly  Analytical  and  Consulting  Chemist  to  the  Great  Eastern 
Railway.  Second  Edition,  Revised  and  Enlarged.  Crown  8vo,  5s.  cloth 

. , v°u^at  t0  hfTe  lts  P1***  tbe  la.b°rat°ry  of  every  metallurgical  establishment,  and  wherever 
fuel  is  used  on  a large  scale."— Chemical  News. 

“ Cannot  fail  to  be  of  wide  interest,  especially  at  the  present  Railway  News. 


Figments. 

THE  ARTIST'S 


MANUAL  OF  PIGMENTS. 


their  Composition,  Conditions  of  Permanency,  Non-Permanency,  and  Adub 
terations ; Effects  in  Combination  with  Each  Other  and  with  Vehicles  ■ and 
the  most  Reliable  Tests  of  Purity  Together  with  the  Science  and  Art 
Department’s  Examination  Questions  on  Painting.  By  H.  C Standac  e 
Second  Edition.  Crown  8vo,  2 s.  6rf.  cloth.  standac  e. 

“This  work  Is  indeed  multum-in-fam/o,  and  we  can,  with  good  conscience  recommend  It  to 
all  who  come  in  contact  with  pigments,  whether  as  makers,  dealers  or  nxrs."-aumuSfruiei. 

Gauging.  Tables  and  Jiules  for  Revenue  Officers 

Brewers,  etc.  a, 

A POCKET  BOOK  OF  MENSURATION  AND  GAUGING  • 

Containing  Tables,  Rules  and  Memoranda  for  Revenue  Officers  Brewers' 
Spirit  Merchants,  &c.  By  J.  B.  Mant  (Inland  Revenue).  Second  EdUion 
Revised.  rSmo,  4s.  leather.  “uu, 

"This  handy  and  useful  book  is  adapted  to  the  requirements  of  the  Inland  p m 

ment,  and  will  be  a favourite  book  of  reference.' "-Civilian  “ Revenue  Depart- 

“ Should  be  in  the  hands  of  every  practical  brewer.”— Bremers'  Journal. 


INDUSTRIAL  ARTS,  TRADES,  AND  MANUFACTURES. 
Cotton  Spinning. 

COTTON  MANUFACTURE  : A Manual  of  Practical  Instruc- 
tion  in  the  Processes  of  Opening,  Carding,  Combing,  Drawing,  Doubling 
and  Spinning  of  Cotton,  the  Methods  of  Dyeing,  &c.  For  the  Use  of  ODera? 
tives,  Overlookers  and  Manufacturers.  By  John  Lister  Technical  Tn 
structor,  Pendleton.  8vo,  7s.  6d.  cloth.  rSlli  W 

MacJnery.  ^ V°'Ume  U a diStinCt  adv:mre  in  the  literature  of  cotton. nanufacture !"- 
It  is  thoroughly  reliable,  fulfilling  nearly  all  the  requirements  desired."— Glasgow  Herald. 

Flour  Manufacture,  Milling,  etc. 

FLa>vJRc  MANUFACTURE : A Treatise  on  Milling  Science 
and  Practice.  By  Friedrich  Kick,  Imperial  Regierungsrath,  Professor  of 
Mechanical  Technology  in  the  Imperial  German  Polytechnic  Institute 

Jtran  R m uc  ‘o6  Secand  EnlarSed  and  Revised  Edition  with* 
Supplement.  By  H.  H.  P.  Powles,  A.-M,Inst.C.E.  Nearly  400  nn  nine 
28  Folding  Plates,  and  167  Woodcuts.  Royal  8vo,  25s.  cloth 
~ T.bls  valuable  work  Is,  and  will  remain,  the  standard  authority  on  the  science  of  milling 
The  mtUer  who  has  read  and  digested  this  work  wilt  have  laid  the  foundation  so  to  soeak  o?'a  ' 

The  appearance  of  this  celebrated  work  in  English  is  verv  omnnnnTml  n.it-  i -i, 
w«I,  we  are  sure,  not  be  slow  in  availing  themselves  of  hi^eJ^-milcrTGazMe. B ‘ nuUers 
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Agglutinants.  . „ . . 

CEMENTS,  PASTES,  GLUES  AND  GUMS:  A Practical 

Guide  to  the  Manufacture  and  Application  of  the  various  Agglutinants  re- 
quired in  the  Building,  Metal-Working,  Wood-Working  and  Leather- Work- 
ing Trades,  and  for  Workshop,  Laboratory  or  Office  Use.  With  upwards  of 
qoo  Recipes  and  Formulae.  By  H.  C.  Standage,  Chemist.  Crown  8vo, 

25  6 d cloth.  [Just  published. 

" We  have  pleasure  in  speaking  favourably  of  this  volume.  So  far  as  we  have  had  experience, 

which  is  not  inconsiderable,  this  manual  is  trustworthy.”— Athenaum.  

“ As  a delation  of  what  are  considered  trade  secrets,  this  book  wtl  arouse  an  amount  of 

curiosity  among  the  large  number  of  industries  it  touches."— Daily  Chronicle.  

“ In  this  goodly  collection  of  receipts  it  would  be  strange  if  a cement  for  any  purpose  cannot 
be  found." — Oil  and  Colourman's  Journal. 

Soap-making.  . , „ , ... 

THE  ART  OF  SOAP-MAKING : A Practical  Handbook  of  the 

Manufacture  of  Hard,  and  Soft  Soaps,  Toilet  Soaps,  etc.  Including  many  New 
Processes,  and  a Chapter  on  the  Recovery  of  Glycerine  from  Waste  Leys. 

Bv  Alexander  Watt.  Fourth  Edition,  Enlarged.  Crown  8vo,  ys.  6d.  cloth. 
“The  work  will  prove  very  useful,  not  merely  to  the  technological  student,  but  to  the  practical 
soap-boiler  who  wishes  to  understand  the  theory  of  his  art.  . our  language. 

<•  A thoroughly  practical  treatise  on  an  art  which  has  almost  no  literature  “ language. 
We  congratulate  ttrn  author  on  the  success  of  his  endeavour  to  fill  a void  In  English  technical  litera 
ture.” — Nature . 

Paper  Making.  ,,  , , _ , 

PRACTICAL  PAPER-MAKING  : A Manual  for  Paper-makers 

and  Owners  and  Managers  of  Paper-Mills.  With  Tables.  Calculations,  &c. 

By  G.  Clapperton,  Paper-maker.  With  Illustrations  of  Flbf^ 

J Thhe1^ of  responsible  mill  hands,  apprentices,  whilst 
book."— Paper  Making. 

fnt^PA PER  MAKING  : A Practical  Handbook  of  the 
LeTHErARTnOFa LEATHER  MANUFACTURE  Being  a 

Practical  Handbook,  in  which  the  Operations  of  Tanning,  Currying  and 
Second  Edition.  Crown  8vo,  p.  cloth  or)es  It  ,s  an  eminentIy  valuable 

prodimtion^whic  ™imdount^ to  th^f  credit  ^boti  author  and  pubiishers .--Chemical  Review. 

BO?HEUARTh0F  MOTnAND  SHOE-MAKING.  A Practical 
itSaS  SI  C,ig„.  Ze  The  Boo,  „«!  SHorUahn. 

I2mo,  2S.  cloth  limp.  . written.  The  chapter  on  clicking, 

which™  wXwwIste^  he  prevented,  will  save  fifty  times  the  price  Tradtr. 

D eVr  I?  t rT JfisnrAL  * DENTISTRY  : A Practical  Treatise  on  the 

By  Charles  Hunter.  Thi^  Emtiom  Lro^ studentoprepar1ng  for  the  profession 

of  as  wcll^as  to^^^mc^anlc^11  dentist. Joumalof  Medical  Science. 
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Wood  Engraving. 

WOOD  ENGRAVING:  A Practical  and  Easy  Introduction  to  the 
Study  of  the  Art.  By  Wiluam  Norman  Brown.  Second  Edition.  With 
numerous  Illustrations.  i2mo,  is.  6d.  cloth  limp. 

"The  book  is  clear  and  complete,  and  will  be  useful  to  anyone  wanting  to  understand  the  first 
elements  of  the  beautiful  art  of  wood  engraving.” — Graphic. 

Horology. 

A TREATISE  ON  MODERN  HOROLOGY , in  Theory  and  Prac- 
ti ct [•  Translated  from  the  French  of  Claudius  Sauniee,  ex-Director  of  the 
School  of  Horology  at  Mapon,  by  Julien  Tripplin,  F.R.A.S.,  Besancon 
Watch  Manufacturer,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Royal  Mint. 
With  78  Woodcuts  and  22  Coloured  Copper  Plates.  Second  Edition.  Super- 
royal 8vo,  £2  2S.  cloth  ; £2  10 s.  half-calf. 

.1  *s  Il°  liofolofifcal  work  in  the  English  language  at  all  to  be  compared  to  this  produc- 

tion  of  M.  Saunier  s for  clearness  and  completeness.  It  is  alike  good  as  a guide  for  the  stuaentand 
“ a ,'“®r™ce  for  ihe  experienced  horologist  and  skilled  workman.”— Horological  Journal. 

The  latest,  the  most  complete,  and  the  most  reliable  of  those  literary  productions  to  which 
continental  watchmakers  are  indebted  for  the  mechanical  superiority  over  their  English  brethren 
.n fact,  the  Book  of  Books,  is  M.  Saunier's  ‘Treatise.’”—  Watchmaker , jeweller  a?ia  Silversmith . 

Watchmaking. 

THE  WATCHMAKER'S  HANDBOOK.  Intended  as  a Work- 
shop Companion  for  those  engaged  in  Watchmaking  and  the  Allied  Mechani- 
cal  Arts.  Translated  from  the  French  of  Claudius  Saunier,  and  consider- 
ably enlarged  by  Julien  Tripplin,  F.R.A.S.,  Vice-President  of  the 
Horological  Institute,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Royal  Mint. 
With  numerous  Woodcuts  and  14  Copper  Plates.  Third  Edition.  Crown 
8vo,  gs.  cloth. 

Each  part  is  truly  a treatise  In  itself.  The  arrangement  Is  good  and  the  language  Is  clear  and 
concise.  It  is  an  admirable  guide  for  the  young  watchmaker." — Engineering . 

" It  Is  impossible  to  speak  too  highly  of  its  exceUence.  It  fulfils  every  Requirement  In  a hand- 
book intended  for  the  use  ol  a workman.  Should  be  found  in  every  workshop."—  Watch  and 
Clockmaker. 

This  book  contains  an  immense  number  of  practical  details  bearing  on  the  daily  occupation 
of  a watchmaker."—  Watchmaker  and  Metal-worker  (Chicago). 

Watches  and  Timekeepers. 

A HISTORY  OF  WATCHES  AND  OTHER  TIMEKEEPERS 

By  James  F.  Kendal,  M.B.H.Inst.  is.  6d.  boards;  or  2s.  6 d.  cloth  gilt. 
English  language. * ““  ^ Whkh  haS  aPPeared  “ this  subject  in  the 
y Open  the  book  where  you  may,  there  is  interesting  matter  in  it  concerning  the  ingenious 
orfII?d“.h.0!ol?Ser- , Tte  subiect  is  tatd  in  a liberal  aid  entertaining 
spirit,  as  might  be  expected  of  a historian  who  is  a master  of  the  craft."— Saturday  Review  K 

Electrolysis  of  Gold,  Silver,  Conner,  etc. 

ELECTRO-DEPOSITION  : A Practical  Treatise  on  the  Electrolysis 

of  Gold,  Silver,  Copper,  Nickel,  and  other  Metals  and  Alloys.  With  descrip- 
tions of  Voltaic  Batteries,  Magneto  and  Dynamo-Electric  Machines,  Thet- 
mopiles,  and  of  the  Materials  and  Processes  used  in  every  Department  of 
the  Art,  and  several  Chapters  on  Electro-Metallurgy.  By  Alexander 
Wa tt,  Author  of  Electro-Metallurgy,”  &c.  Third  Edition, Revised.  Crown 


“Eminently  a book  for  the  practical  worker  In  electro-depositlon.  It  contains  practical 
-EngineerS  °f  methodS|  Processes  and  materials  as  actually  pursued  and  used  in  the  i P-  - ‘ 


s workshop.” 


Electro-Metallurgy. 

ELECT RO-M  ETA  LL  URGY ; Practically  Treated.  By  Alexander 

mnJTrU^t.hor  of  “Electr°-Deposition,”&c  Tenth  Edition,  including  the 
most  recent  Processes.  i2mo,  4s.  cloth  boards. 

prosecution  oVelectropladiigT1’— mayleara  everything  necessary  for  the  successful 

Working  in  Gold. 

TINGliEGZEDL^'S/^ISTANT  IN  THE  ART  0F  WORK- 

JNG  IN  GOLD  : A Practical  Treatise  for  Masters  and  Workmen  ComDiled 

from  the  Experience  of  Thirty  Years’  WorkshoD  Practice 

Gee,  Author  of  “The  Goldsmith’s  Handbook,”  L cr  Svo  7J  H cS  ' 

handicraft  V“  » * 
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Electroplating. 

ELECTROPLATING  : A Practical  Handbook  on  the  Deposi- 
tion  of  Copper,  Silver,  Nickel,  Gold,  Aluminium,  Brass,  Platinum,  &c.  &c. 
With  Descriptions  of  the  Chemicals,  Materials,  Batteries,  and  Dynamo 
Machines  used  in  the  Art.  By  J.  W.  Urquhart,  C.E.,  Author  of  “ Electric 
Light,”  &c.  Third  Edition,  with  Additions.  Crown  8vo.  5s.  cloth. 

" An  excellent  practical  manual.” — Engineering , 

" An  excellent  work,  giving  the  newest  information." — Horological  Journal. 

Electrotyping. 

ELECTROTYPING  : The  Reproduction  and  Multiplication  of  Print- 
ing  Surfaces  and  Works  of  Art  by  the  Electro-deposition  of  Metals . By  J.  W. 
Urquhart,  C.E.  Crown  8vo,  5s.  cloth. 

“The  book  is  thoroughly  practical.  The  reader  Is,  therefore,  conducted  through  the  leading 
laws  of  electricity,  then  through  the  metals  used  by  electrotypers,  the  apparatus,  and  the  depositing 
processes,  up  to  the  final  preparation  of  the  work." — Art  journal. 

Goldsmiths’  Work. 

THE  GOLDSMITH'S  HANDBOOK.  By  George  E.  Gee, 
Jeweller,  &c.  Third  Edition,  considerably  Enlarged,  i2mo,  3s.  td.  cl.  bds. 

" A good,  sound  educator,  which  will  be  accepted  as  an  authority." — Horological  Journal. 

Silversmiths 9 Work . 

THE  SILVERSMITH'S  HANDBOOK . By  George  E.  Gee, 
Jeweller,  &c.  Second  Edition,  Revised.  i2mo,  3s.  6 d.  cloth. 

“ The  chief  merit  of  the  work  is  its  practical  character.  . . The  workers  In  the  trade  will 
speedily  discover  its  merits  when  they  sit  down  to  study  it.” — English  Mechanic. 

***  The  above  two  works  together , strongly  half-bound , price  7 s. 


Sheet  Metal  Working . 

THE  SHEET  METAL  WORKER’S  INSTRUCTOR  : For 
Zinc,  Sheet  Iron,  Copper,  and  Tin  Plate  Workers.  Containing  Rules  for 
describing  the  Patterns  required  in  the  Different  Branches  of  the  Trade. 
By  R.  H.  Warn,  Tin  Plate  Worker.  With  Thirty-two  Plates.  8vo,7S.  6 d.  cl. 

Bread  and  Biscuit  Baking. 

THE  BREAD  AND  BISCUIT  BAKER'S  AND  SUGAR- 
BOILER'S  ASSISTANT.  Including  a large  variety  of  Modern  Recipes. 
By  Robert  Wells,  Practical  Baker.  Crown  8vo,  2 s.  cloth. 

" A large  number  of  wrinkles  for  the  ordinary  cook,  as  well  as  the  baker.  Saturday  Review. 

Confectionery  for  Motels  and  Restaurants. 

THE  PASTRYCOOK  AND  CONFECTIONER’S  GUIDE. 
For  Hotels,  Restaurants  and  the  Trade  in  general,  adapted  also  for  Family 
Use.  By  Robert  Wells.  Crown  8vo,  2 s.  cloth. 

<■  We  cannot  speak  too  highly  of  this  really  excellent  work.  In  these  days  of  keen  competition 
our  readers  cannot  do  better  than  purchase  this  book." — Bakers  Titncs. 


Ornamental  Confectionery. 

ORNAMENTAL  CONFECTIONERY : A Guide  for  Bakers, 
Confectioners  and  Pastrycooks ; including  a variety  of  Modern  Recipes,  and 
Remarks  on  Decorative  and  Coloured  Work.  With  129  Original  Designs. 
By  Robert  Wells.  Crown  8vo,  cloth  gilt,  5s.  , ^ _. 

11  A valuable  work,  practical,  and  should  be  in  the  hands  of  every  baker  and  confectioner.  The 
Illustrative  designs  are  alone  worth  treble  the  amount  charged  for  the  whole  work,  -haters  J imes. 


Flour  Con 


THE  M o(?ERN  "fLOUR  CONFECTIONER.  Wholesale  and 

Retail.  Containing  a large  Collection  of  Recipes  for  Cheap  Cakes,  Biscuits, 
&c.  With  Remarks  on  the  Ingredients  used  in  their  Manufacture.  By 
R.  Wells.  Crown  8vo,  2s.  cloth. 

“ The  work  is  of  a decidedly  practical  character,  and  In  every  recipe  regard  is  had  to  economl- 
cal  working.” — North  British  Daily  Mail. 

Laundry  Work.  . 

LAUNDRY  MANAGEMENT.  A Handbook  for  Use  in  Private 

and  Public  Laundries,  Including  Descriptive  Accounts  ot  Modern  Machinery 
and  Appliances  for  Laundry  Work.  By  the  Editor  of  “The  Laundry 
Journal."  Second  Edition.  Crown  8vo,  25.  6 d.  cloth. 

••This  book  should  certainly  occupy  an  honoured  place  on  the  she'^?f,all^°uff^'®pers 
who  wish  to  keep  themselves  au  courant  of  the  newest  appliances  and  methods.  -7  he  Queen. 
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HANDYBOOKS  FOR  HANDICRAFTS. 

By  PAUL  N.  HASLUCK, 

.Editor  of  " Work”  (New  Series)  ; Author  of  “Lathework,”  "Milling 

Machines,’’  &c. 

Crown  8vo,  144  pages,  cloth,  price  is.  each. 

IS”  These  Handybooks  have  been  written  to  supply  information  for  Workmen, 
Students,  and  Amateurs  in  the  several  Handicrafts,  on  the  actual  Practice  of 
the  Workshop,  and  are  intended  to  convey  in  plain  language  Technical  Know- 
ledge of  the  several  Crafts.  In  describing  the  processes  employed,  and  the  manipu- 
lation of  material,  workshop  terms  are  used ; workshop  practice  is  fully  explained  ; 
•and  the  text  is  freely  illustrated  with  drawings  of  modern  tools,  appliances,  and 
processes. 


THE  METAL  TURNER’S  HANDYBOOK.  A Practical  Manual 
Workers  at  the  Foot-Lathe.  With  over  100  Illustrations.  Price  is. 

“ The  book  will  be  of  service  alike  to  the  amateur  and  the  artisan  turner.  It  displays  thorough 
■knowledge  of  the  subject.”— Scotsman. 

THE  WOOD  TURNER’S  HANDYBOOK.  A Practical  Manual 
for  Workers  at  the  Lathe.  With  over  100  Illustrations.  Price  is. 

rec°“m~nd  the  book  to  young  turners  and  amateurs.  A multitude  of  workmen  have 
cmnerto  sought  in  vain  for  a manual  of  this  special  industry.”— Mechanical  World . 

THE  WATCH  JOBBER'S  HANDYBOOK.  A Practical  Manual 
on  Cleaning,  Repairing,  and  Adjusting.  With  upwards  of  100  Illustrations 
.Price  is. 

" We  strongly  advise  all  young  persons  connected  with  the  watch  trade  to  acquire  and  study 
s inexpensive  work."— Clerken-well  Chronicle.  4 y 

CJU  n JT-rnWlir  x r A rr  r-  r.  , — .r  . 


A Practical 

With  upwards  of 


this  1 

THE  PATTERN  MAKER'S  HANDYBOOK. 

Manual  on  the  Construction  of  Patterns  for  Founders 
^100  Illustrations.  Price  is. 

“ A most  valuable,  if  not  indispensable,  manual  for  the  pattern  maker.”— Knowledge 

THE  MECHANIC'S  WORKSHOP  HANDYBOOK.  A Practical 
Manual  on  Mechanical  Manipulation.  Embracing  Information  on  various 
Handicraft  Processes,  with  Useful  Notes  and  Miscellaneous  Memoranda, 
^Comprising  about  200  Subjects.  Price  is. 

^ cleyer  a.nd  V,sefui  kook,  which  should  be  found  in  every  workshop  ; and  it  should 
•certainly  find  a place  in  all  technical  schools. "—Saturday  Review.  snouio 

THE  MODEL  ENGINEER'S  HANDYBOOK.  A Practical 
Illustrations^^  Price™^*0”  ^ M°del  Sieam  Engines.  With  upwards  of  ioo 
“ Mr-  Hasluck  has  produced  a very  good  little  book."— Builder. 

THE  CLOCK  JOBBER'S  HANDYBOOK.  A Practical  Manual 
Price  islng'  Repamng'  and  Adjusting.  With  upwards  of  ioo  Illustrations. 
" It  is  of  inestimable  service  to  those  commencing  the  trade.”—  Coventry  Standard 

THE  CABINET  WORKER’S  HANDYBOOK:  A Practical 

Cabinet  Work16  w9,°hS'  Mat®ria1!’  Appliances,  and  Processes  employed  in 
Cabinet  Work.  With  upwards  of  ioo  Illustrations.  Price  is.  1 

seen  f^begtnn^rs  in  ca^neUwo'rlc,,— ^ m°St  practicaI  *****  we 

THST^??iDon°v\ER'S  iHtANDYB00K  0F  MANUAL  IN- 
rHEMETALWasKER’S  HANDYBOOK.  With  up^rdfrf  wo 

— Un  preparation. 

***  Opinions  of  the  Press. 

°Ught  t0  be  d°-’  but  how  to  do  it,  and 
“ Mr  H^  uctrZihLl,T3bly’  and  gives  complete  instructions."-^,™,,,. 
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COMMERCE,  COUNTING-HOUSE  WORK,  TABLES,  etc. 


Commercial  Education. 

LESSONS  IN  COMMERCE.  By  Professor  R.  Gambaro,  of 
the  Royal  High  Commercial  School  at  Genoa.  Edited  and  Revised  by  James 
Gault,  Professor  of  Commerce  and  Commercial  Law  in  King's  College, 
London.  Crown  8vo,  3 s.  6 cl.  cloth. 

“ The  publishers  of  this  work  have  rendered  considerable  service  to  the  cause  of  commercla 
education  by  the  opportune  production  of  this  volume.  . . . The  work  is  peculiarly  acceptable 
to  English  readers  and  an  admirable  addition  to  existing  class-books.  In  a phrase,  we  think  the 
work  attains  its  object  in  furnishing  a brief  account  of  those  laws  and  customs  of  British  trade  with 
which  the  commercial  man  interested  therein  should  be  familiar." — Chamber  of  Commerce  yournal. 
“ An  invaluable  guide  in  the  hands  of  those  who  are  preparing  for  a commercial  career." 

Counting  House. 

Foreign  Commercial  Correspondence. 

THE  FOREIGN  COMMERCIAL  CORRESPONDENT : Being 
Aids  to  Commercial  Correspondence  in  Five  Languages — English,  French, 
German,  Italian,  and  Spanish.  By  Conrad  E.  Baker.  Second  Edition. 
Crown  8vo,  3s.  6d.  cloth. 

1 ' Whoever  wishes  to  correspond  in  all  the  languages  mentloned.by  Mr.  Baker  cannot  do  better 
than  study  this  work,  the  materials  of  which  are  excellent  and  conveniently  arranged.  They  consist 
not  of  entire  specimen  letters  but — what  are  far  more  useful — short  passages,  sentences,  or 
phrases  expressing  the  same  general  idea  in  various  forms.” — Athenaum. 

“A  careful  examination  has  convinced  us  that  it  is  unusually  complete,  well  arranged,  ana 
reliable.  The  book  is  a thoroughly  good  one."— Schoolmaster. 


Accounts  for  Manufacturers. 

FACTORY  ACCOUNTS : Their  Principles  and  Practice.  A 
Handbook  for  Accountants  and  Manufacturers,  with  Appendices  on  the  No- 
menclature of  Machine  Details;  the  Income  Tax  Acts;  the  Rating  of  Fac- 
tories; Fire  and  Boiler  Insurance;  the  Factory  and  Workshop  Acts,  &c., 
including  also  a Glossary  of  Terms  and  a large  number  of  Specimen  Rulings. 
By  Emile  Garcke  and  J.  M.  Fells.  Fourth  Edition,  Revised  and  En- 
larged. Demy  8vo,  250  pages,  6s.  strongly  bound. 

“ A very  interesting  description  of  the  requirements  of  Factory  Accounts.  . • • the  principle 
of  assimilating  the  Factory  Accounts  to  the  general  commercial  books  Is  one  which  we  thoroughly 
agree  with.” — Accountants’  yournal. 

“ Characterised  by  extreme  thoroughness.  There  are  few  owners  of  factories  who  would  not 
derive  great  benefit  from  the  perusal  of  this  most  admirable  work  "—Local  Government  Chronicle. 

Modern  Metrical  Units  and  Systems. 

MODERN  METROLOGY : A Manual  of  the  Metrical  Units 
and  Systems  of  the  Present  Century.  With  an  Appendix  containing  a proposed 
English  System.  By  Lowis  D’A.  Jackson,  A.  M.  Inst.  C.E.,  Author  of  ‘Aid 
to  Survey  Practice,”  &c.  Large  crown  8vo,  12s.  6d.  cloth. 

••  We  recommend  the  work  to  all  interested  in  the  practical  reform  of  our  weights  and  mea- 
sures."— Nature.  # _ , 

The  Metric  System  and  the  British  Standards. 

A SERIES  OF  METRIC  TABLES,  in  which  the  British  Stand- 
ard Measures  and  Weights  are  compared  with  those  of  the  M etric  System  at  present 
in  Use  on  the  Continent.  By  C.  H.  Dowling,  C.E.  8vo,  ios.  6 d.  strongly  bound. 
"Mr.  Dowling's  Tables  are  well  put  together  as  a ready-reckoner  for  the  conversion  of  one 
system  into  the  other." — Athenczum. 

Iron  and  Metal  Trades’  Calculator. 

THE  IRON  AND  METAL  TRADES'  COMPANION.  For 
expeditiously  ascertaining  the  Value  of  any  Goods  bought  or  sold  by  Weight, 
from  is.  per  cwt.  to  112s.  per  cwt.,  and  from  one  farthing  per  pound  to  one 
shilling  per  pound.  By  Thomas  Downie.  396  pp.,  gs.  leather. 

“ A most  useful  set  of  tables  ; nothing  like  them  before  existed.  —SuildutgNcws.  . ... 

“Although  specially  adapted  to  the  Iron  and  metal  trades,  the  tables  will  be  found  useful  in 
every  other  business  In  which  merchandise  Is  bought  and  sold  by  weight.  —Railway  News. 

Iron  Shipbuilders’  and  Merchants’  Weight  Tables. 

IRON-PLATE  WEIGHT  TABLES:  For  Iron  Shipbuilders, 

Engineers,  and  Iron  Merchants.  Containing  the  Calculated  Weights  of  up- 
wards of  150,000  different  sizes  of  Iron  Plates,  from  1 foot  by  6 in.  by  * in.  to 
To  feet  bv  5 feet  by  1 in.  Worked  out  on  the  basis  of  40  lbs.  to  the  square 
foot  of  Iron  of  1 inch  in  thickness.  Carefully  compiled  and  thoroughly  Re- 
vised by  H.  Burlinson  and  W.  H.  Simpson.  Oblong  4to,  25s.  half-bound. 
.fJzT  1 .111  fnnnH  r«f  irrpat  utility  The  authors  have  had  much  practical  experience 

of  Of  the  book  Win  save  much  time  In  » eking 

elaborate  calculations." — English  Mechanic. 
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Chadwick’s  Calculator  for  Numbers  and  Weights 
Combined. 

THE  NUMBER,  WEIGHT,  AND  FRACTIONAL  CALCU- 
LATOR. Containing  upwards  of  250,000  Separate  Calculations,  showing  at 
a glance  the  value  at  422  different  rates,  ranging  from  r^th  of  a Penny  to 
20s.  each,  or  per  cwt.,  and  £ 20  per  ton,  of  any  number  of  articles  consecu- 
tively, from  1 to  470. — Any  number  of  cwts.,  qrs.,  and  lbs.,  from  1 cwt.  to  470 
cwts. — Any  number  of  tons,  cwts.,  qrs.,  and  lbs.,  from  1 to  1,000  tons.  By 
William  Chadwick,  Public  Accountant.  Third  Edition,  Revised  and  Im- 
proved. 8vo,i8s.,  strongly  bound  for  Office  wear  and  tear. 

*25^  Is  adapted  for  the  use  of  Accountants  and  Auditors,  Railway  Companies h 
Canal  Companies , Shippers , Shipping  Agents , General  Carriers , etc.  Ironfounderst 
Bj  ass  founders,  Metal  Merchants,  Iron  Manufacturers,  Ironmongers,  Engineers , 
Machinists , Boilet  Makers,  Millwrights , Roofing , Bridge  and  Girder  Makers,  Colliery 
Proprietors,  etc . Timber  Merchants,  Builders,  Contractors,  Architects,  Surveyors , 
Auctioneers,  Valuers , Brokers,  Mill  Owners  and  Manufacturers,  Mill  Furnishers, 
Merchants,  and  General  Wholesale  Tradesmen.  Also  for  the  Apportionment  of 
Mileage  Charges  for  Railway  Traffic. 

***  Opinions  of  the  Press. 

“ 11  k as  easy  of  reference  for  any  answer  or  any  number  of  answers  as  a dictionary,  and  the 
references  are  even  more  quickly  made.  For  making  up  accounts  or  estimates  the  book  must 
prove  invaluable  to  all  who  have  any  considerable  quantity  of  calculations  involving  price  and 
measure  in  any  combination  to  do  ."—Engineer.  B P 

.m°St  co.mPIete  and  practical  ready  reckoner  which  it  has  been  our  fortune  yet  to  see.  It 
is  difficult  to  imagine  a trade  or  occupation  in  which  it  could  not  be  of  the  greatest  use,  either  In 
hu.n]an  labou.r  or  in  checking  work.  The  publishers  have  placed  within  the  reach  of  every 
commercial  man  an  invaluable  and  unfailing  assistant.”—  The  Miller. 

‘ The  most  perfect  work  of  the  kind  yet  prepared.”—  Glasgow  Herald. 

Harben’s  Comprehensive  Weight  Calculator. 

THE  WEIGHT  CALCULATOR.  Being  a Series  of  Tables 
upon  a New  and  Comprehensive  Plan,  exhibiting  at  One  Reference  the  exact 
Value  of  any  Weight  from  i lb.  to  15  tons,  at  300  Progressive  Rates,  from  id., 
to  1 6 os.  per  cwt.,  and  containing  186,000  Direct  Answers,  which,  with  their 
• consishng  of  a single  addition  (mostly  to  be  performed  at 

Sight),  will  afford  an  aggregate  of  10,266,000  Answers ; the  whole  being  calcu- 
lated and  designed  to  ensure  correctness  and  promote  despatch.  By  Henry 
Harben,  Accountant.  Fourth  Edition,  carefully  Corrected.  Royal  8vo. 
£1  5s.  strongly  half-bound. 

kind  wl  rBfE^e  for  men  of  business  generally  ; It  Is  the  best  of  the 

field  'hliUp'mdent  ValU6  t0  business  men>  11  ls  a necessary  book  in  all  mercantile  offices."— She/- 

Harben’s  Comprehensive  Discount  Guide. 

IF?  DISCOUNT  GUIDE.  Comprising  several  Series  of 
tables  lor  the  use  of  Merchants,  Manufacturers,  Ironmongers,  and  others, 
1C 7 may  be  ascertained  the  exact  Profit  arising  from  any  mode  of  using 
Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and  the  method  of  either 
a Rate  : Discount  or  Advancing  a Price,  so  as  to  produce,  by  one 

°f®ratJL°.n’  a su,m  tbat  will  realise  any  required  profit  after  allowing  one  or 
™ t0  we  added  Tables  of  Profit  or  Advance  from  if  to 

5t-’  TabIe?  °f  Dl“t  from  ij  to  g8f  per  cent.,  and  Tables  of  Com- 
S ‘V?  Pe*  °fnt'  By  Henry  Harben,  Accountant,  Author 

Ca'culator.  New  Edition,  carefully  Revised  and  Corrected. 
JJemy  Bvo,  544  pp.,  £1  5S.  half-bound. 

meaii'sAs^v°neof  mMe‘viS  w^°hiy  al?Pr?date,d  by  business  men,  to  whom  the  saving  of  time 
throughout1  die  work  aVeTnn.tnirt^f  ,Sb  au.th°rity  °{  Professor  J.  R.  Young  that  the  tables 
of  tydoCTaohical  dearness d.  P strictly  accurate  principles.  The  work  Is  a model 
general^raders.  — Brills}? Trade  K"  °f  81611  Vllue  t0  mcrchant5'  manufacturers,  and 

New  Wages  Calculator. 

TABLES  OF  WAGES  at  54,  52,  50  and  48  Hours  per  Week. 
hn1?rT;ogihev,Am°UntSr>of  WaSes(rom  One-quarter-of-an-hour  to  Sixty-four 
55°  pe"  wetkCaB?Tunf  r WaSesadvancing  by  °ne  Shilling  fronts,  to 
half-bound  ek'  By  T os>  Garbutt,  Accountant.  Square  crown  bvo.  6s- 

[ Just  published 
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“DIRECT  CALCULATOR  S,” 

By  M.  B.  COTSWORTH,  of  Holgate,  York. 


QUICKEST  AND  MOST  ACCURATE  MEANS  OF  CALCULATION  KNOWN. 

ENSURE  ACCURACY  and  SPEED  WITH  EASE,  SAVE  TIME  and  MONEY. 
Accounts  may  be  charged  out  or  checked  by  these  means  in  about  one 
third  the  time  required  by  ordinary  methods  of  calculation.  These 
unrivalled  “ Calculators”  have  very  clear  and  original  contrivances 
for  instantly  finding  the  exact  answer,  by  its  fixed  position,  without 
even  sighting  the  top  or  side  of  the  page.  They  are  varied  in  arrange- 
ment to  suit  the  special  need  of  each  particular  trade. 

All  the  leading  firms  now  use  Calculators,  even  where  they  employ  experts. 

N.B.— Indicator  letters  in  brackets  should  be  quoted. 


“RAILWAY  &>  TRADERS'  CALCULATOR  " (R.  & T.)  ios.  6 d. 

Including  Scale  of  Charges  for  Small  Parcels  by  Merchandise  Trains. 
“ Direct  Calculator” — the  only  Calculator  published  giving  exact  charge  for 
Cwts.,  Qrs.  and  Lbs.,  together.  “ Calculating  Tables”  for  every  id.  rate  to 
roos.  per  ton.  “ Wages  Calculator.”  “ Percentage  Rates.”  “ Grain,  Flour, 
Ale,  &c.,  Weight  Calculators.” 


“ DIRECT  CALCULATOR  (I  R)  ” including  all  the  above  except 
“ Calculating  Tables.”  ys. 


“ DIRECT  CALCULATOR  (A)”  by  id.,  2 s.  each  opening,  exact 
pence  to  40s.  per  ton.  5s. 

"DIRECT  CALCULATOR  (B)  ” by  id.,  4s.  each  opening,  exact 
pence  to  40s.  per  ton.  4s.  6 d. 

"DIRECT  CALCULATOR  (C)  ” by  id.  (with  Cwts.  and  Qrs.  to 
nearest  farthing),  to  40s.  per  ton.  4s.  6rf. 

"DIRECT  CALCULATOR  (Ds)  ” by  id!,  gradations.  (Single  Tons 
to  50  Tons,  then  by  fifties  to  1,000  Tons,  with  Cwts.  values  below  in  exact 
pence  payable,  fractions  of  hd.  and  upwards  being  counted  as  id.  6s.  6 d. 

* ' DIRECT  CALC ULA  TOR  (D)"  has  from  1,000  to  io.ooo  Tons  in 
addition  to  the  (Ds)  Calculator.  7s.  6 d. 


"DIRECT  CALCULATOR  (Es)  ” by  id.  gradations.  (As  (D)  to 
1,000  Tons,  with  Cwts.  and  Qrs.  values  shown  separately  to  the  nearest 
farthing).  5s.  6 d. 

u DIRECT  CALCULATOR  (E)  ’’  has  from  1,000  to  10,000  Tons  in 
addition  to  the  (Es)  Calculator.  6s.  6 d. 

“ DIRECT  CALCULATOR  (F)  ” by  id.,  2 s.  each  opening,  exact 
pence  to  40s.  per  ton.  4s.  6 d. 

“ DIRECT  CALCULATOR  (G)  ” by  id.,  is.  each  opening  ; 6 in.  by 
9 in.  Nearest  Id.  Indexed  (G  I)  3s.  6d.  2s.  6d. 

- DIRECT  CALCULATOR  (H)  ” by  id.,  is.  each  opening  ; 6 in.  by 
9 in.  To  exact  pence.  Indexed  (H  I)  3s.  6 d.  2 s.  6 d. 

"DIRECT  CALCULATOR  (K)”  Showing  Values  of  Tons,  Cwts. 
and  Qrs.  in  even  pence  (fractions  of  id.  as  id.),  for  the  Retail  Coal  Trade. 


4s.  6 d. 

' RAILWAY  AND  TIMBER  TRADES  MEASURER  ANDCAL- 
CULATOR  (T)”  (as  prepared  for  the  Railway  Companies).  The  only  book 
published  giving  true  content  of  unequal  sided  and  round  timber  by  eighths 
of  an  inch,  quarter  girth,  Weights  from  Cubic  Feet— Standards,  Superficial 
Feet,  and  Stone  to  Weights— Running  Feet  from  lengths  of  Deals— Standard 
Multipliers— Timber  Measures— Customs  Regulations,  &c.  3s. 
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Dr.  Fream’s  New  Edition  of  “ The  Standard 
Treatise  on  Agriculture.” 

THE  COMPLETE  GRAZIER,  and  FARMER'S  and  CATTLE- 
BREEDER’S  ASSISTANT : A Compendium  of  Husbandry.  Originally 
Written  by  William  Youatt.  Thirteenth  Edition,  entirely  Re-written, 
considerably  Enlarged,  and  brought  up  to  the  Present  Requirements  of 
Agricultural  Practice,  by  William  Fream,  LL.D.,  Steven  Lecturer  in  the 
University  of  Edinburgh,  Author  of  “The  Elements  of  Agriculture,”  &c. 
Royal  8vo,  1,100  pp.,  with  over  450  Illustrations.  £ 1 ns.  64.  strongly  and 
handsomely  bound. 

Extract  from  Publishers’  Advertisement. 

” A treatise  that  made  its  original  appearance  in  the  first  decade  of  the  century,  and  that  enters 
<Kpon  its  Thirteenth  Edition  before  the  century  has  run  its  course,  has  undoubtedly  established  its 
jposition  as  a work  of  permanent  value.  . . The  phenomenal  progress  of  the  last  dozen  years  in  the 
Practice  and  Science  of  Farming  has  rendered  it  necessary,  however,  that  the  volume  should  be 
ire-written,.  . . . and  for  thisundertaking  the  publishers  were  fortunate  enough  to  secure  the 
services  of  .Dr.  FREAM,  whose  high  attainments  in  all  matters  pertaining  to  agriculture  have  been 
so  emphatically  recognised  by  the  highest  professional  and  official  authorities.  In  carrying 
out  his  editorial  duties,  Dr.  Fream  has  been  favoured  with  valuable  contributions  by  Prof.  J. 
WORTLEY  AXE,  Mr.  E.  BROWN,  Dr.  BERNARD  DYER,  Mr.  W.  T.  MALDEN,  Mr.  R.  H.  REW, 
Prof.  SHELDON,  Mr.  J.  SINCLAIR,  Mr.  SANDERS  SPENCER,  and  others. 

“ As  regards  the  illustrations  of  the  work,  no  pains  have  been  spared  to  make  them  as  repre- 
sentative and  characteristic  as  possible,  so  as  to  be  practically  useful  to  the  Farmer  and  Grazier." 


Summary  of 

Book  I,  On  the  Varieties,  Breed- 
ing, Rearing,  Fattening,  and 
Management  of  Cattle. 

Book  II.  On  the  Economy  and  Man- 
agement of  the  Dairy. 

Book  III.  On  the  Breeding,  Rear- 
ing, and  Management  of  Horses. 

Book  IV.  On  the  Breeding,  Rear- 
ing, and  Fattening  of  Sheep. 

Book  V.  On  the  Breeding,  Rearing, 
and  Fattening  of  Swine. 

Book  VI.  On  the  Diseases  of  Live 
Stock. 


Contents. 

Book  VII.  On  the  Breeding,  Rear- 
ing, and  Management  of  Poultry, 

Book  VIII.  On  Farm  Offices  and 
Implements  of  Husbandry. 

Book  IX.  On  the  Culture  and  Man- 
agement of  Grass  Lands. 

Book  X.  On  the  Cultivation  and 
Application  of  Grasses,  Pulse, 
and  Roots. 

Book  XI.  On  Manures  and  their 
Application  toGrass  Land&Crops 

Book  XII.  Monthly  Calendars  of 
Farmwork. 


***  Opinions  of  the  Press  on  the  New  Edition. 

. . , Dr.  Fream  is  to  be  congratulated  on  the  successful  attempt  he  has  made  to  give  us  a work 
which  wdl  at  once  become  the  standard  classic  of  the  farm  practice  of  the  country.  We  believe 
at  1 ,,wl;  found  that  it  has  no  compeer  among  the  many  works  at  present  in  existence.  . . . 

1 he  illustrations  are  admirable,  while  the  frontispiece,  which  represents  the  well-known  bull,  New 
Y -£*fti.br?d  by  ‘v®  Queen'  ,ls  a work  of  art."—  The  Times. 
l-.m-Ilf-.0-0  ,•  r®cognised  as  occupying  the  proud  position  of  the  most  exhaustive  work 

,f  ~?nce  ln  the  English  language  on  the  subject  with  which  it  deals."—  Athenaum. 

<■„  iBe  m05t  C-S?pfeh?n.slve  guide  to  modern  farm  practice  that  exists  in  the  English  language 
j;?.’  ay‘"  ' ■ The  book  is  one  that  ought  to  be  on  every  farm  and  in  the  library  of  every  land- 
owner.  — Mark  Lane  Express. 

unim,J"L£?f'nt  0f  exhaustiveness  and  accuracy  the  work  will  certainly  hold  a pre-eminent  and 

cStam]PHh£™  °?e  if  °°kar  de,?hSg  -W“h  scientific  agricultural  practice.  It  is,  in  fact,  an  agri- 

cultural  library  of  itself."-  North  British  Agriculturist.  s 

of  the  woric^^e'h^e^toc^femer^probaHy'wTthimt  an^quafH^is'o^an^rgher^ountey?"111*'*1 

British  Farm  Live  Stock. 

FARM  LIVE  STOCK  OF  GREAT  BRITAIN.  By  Robert 
Wallage  F.L.S.,  F.R.S.E.,  &c„  Professor  of  Agriculture  and  Rural  Eco- 
= Hnilvl-rs,lty  of  Edinburgh.  Third  Edition,  thoroughly  Revised 

and  considerably  Enlarged.  With  over  120  Phototypes  of  Prize  Stock.  Demy 
,,  y°,  384  pp.,  with  79  Plates  and  Maps,  12s.  64.  cloth. 

Britain  randynCn0emwh,vuW?ll5  Sn,the  hl|t°ry'  breeds,  and  management  of  the  farm  stock  of  Great 
Vbm^!"~The 7i,Zs . h lke  y find  ItS  way  t0  the  shelves  of  every  country  gentleman's 

Its  issue^no^Um  S,arlv  Dive  Stock  of  Great  Britain  ’ is  a production  to  be  proud  of,  and 

us  issue  not  the  least  of  the  services  which  its  author  has  rendered  to  agricultural  science.” 

" The  hoot  ic  -.*4 , Scottish  Farmer, 

who  would  not  likf»  tr?hottraCt  VC  V u-  ’ , an^.we  can  scarcely  imagine  the  existence  of  a fanner 
wnowouid  not  like : to  have  a copy  of  this  beautiful  work  ."—Mark  Lon;  Extress 

descriDtXnrofTheChrppHi01fM,be  as  ^ standard  authority  wl  enever  a concise  history  and 

description  of  the  breeds  of  live  stock  m the  British  Isles  is  required. "-Belts  Weekly  Messenger. 
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Dairy  Farming. 

BRITISH  DAIRYING.  A Handy  Volume  on  the  Work  of  the 
Dairy-Farm.  For  the  Use  of  Technical  Instruction  Classes,  Students  in 
Agricultural  Colleges,  and  the  Working  Dairy-Farmer.  By  Prof.j . P.  Sheldon, 
ate  Special  Commissioner  of  the  Canadian  Government,  Author  of  “ Dairy 
Farming,”  &c.  With  numerous  Illustrations.  Crown  8vo,  os.  6 d.  cloth. 

“ We  confidently  recommend  it  as  a text-book  on  dairy  farming." — Agricultural  Gazette. 
"Probably  the  best  half-crown  manual  on  dairy  work  that  has  yet  been  produced North 
British  Agriculturist.  . 

" It  is  the  soundest  little  work  we  have  yet  seen  on  the  subject." — The  Times . 


Dairy  Manual. 

MILK , CHEESE  AND  BUTTER:  A Practical  Handbook 
on  their  Properties  and  the  Processes  of  their  Production,  including  a 
Chapter  on  Cream  and  the  Methods  of  its  Separation  from  Milk.  By  John 
Oliver,  late  Principal  of  the  Western  Dairy  Institute,  Berkeley.  With 
Coloured  Plates  and  200  Illusts.  Crown  8vo,  ys.6d.  cloth.  [ published. 

"An  exhaustive  and  masterly  production.  It  may  be  cordially  recommended  to  all  students 
and  practitioners  of  dairy  science." — N.B.  Agriculturist.  . - 

" We  strongly  recommend  this  very  comprehensive  and  carefully-written  book  to  aairy-iarmers 
and  students  of  dairying.  It  is  a distinct  acquisition  to  the  library  of  the  agriculturist.  — Agricul- 
tural Gazette. 

Agricultural  Facts  and  Figures. 

NOTE-BOOK  OF  AGRICULTURAL  FACTS  AND  FIGURES 
FOR  FARMERS  AND  FARM  STUDENTS.  By  Primrose  McConnell, 
B.Sc.  Fifth  Edition.  Royal  32mo,  roan,  gilt  edges,  with  band,  4s. 

"Literally  teems  with  information,  and  we  can  cordially  recommend  it  to  all  connected  with 
agriculture." — North  British  Agriculturist. 

Small  Farming. 

SYSTEMATIC  SMALL  FARMING;  or , The  Lessons  of  my 
Farm.  Being  an  Introduction  to  Modern  Farm  Practice  for  Small  Farmers. 
By  R.  Scott  Burn.  With  numerous  Illustrations,  crown  8vo,  6s.  cloth. 
"This  Is  the  completest  book  of  its  class  we  have  seen,  and  one  which  every  amateur  farmer 
will  read  with  pleasure  and  accept  as  a guide.”— Field. 

Modern  Farming. 

OUTLINES  OF  MODERN  FARMING.  By  R.  Scott  Burn. 
Soils,  Manures,  and  Crops — Farming  and  Farming  Economy.  Cattle,  Sheep, 
and  Horses  - Management  of  Dairy,  Pigs,  and  Poultry  — Utilisation  of 
Town-Sewage,  Irrigation,  &c.  Sixth  Edition.  In  One  Vol.,  1,250  pp.,  half- 
bound, profusely  Illustrated,  12s.  . 

“The  aim  of  the  author  has  been  to  make  his  work  at  once  comprehensive  and  trustworthy 
and  he  has  succeeded  to  a degree  which  entitles  him  to  much  credit.  —Morning  Advertiser. 

Agricultural  Engineering. 

FARM  ENGINEERING, THE  COMPLETETEXT-BOOK  OF. 
Comprising  Draining  and  Embanking;  Irrigation  and  Water  Supply;  Farm 
Roads,  Fences,  and  Gates ; Farm  Buildings ; Barn  Implements  and  Ma- 
chines ; Field  Implements  and  Machines ; Agricultural  Surveying,  &c.  By 
Prof.  Iohn  Scott.  1,150  pages,  half-bound,  with  over  600  Illustrations,  12s. 
“Written  with  great  care,  as  weU  as  with  knowledge  and  ability.  The  author  _basdone  rb 
work  well ; we  have  found  him  a very  trustworthy  guide  wherever  w-e  have  tested  his  statements. 
The  volume  will  be  of  great  value  to  agricultural  students,  —Mark  Lane  tsxtrcss. 

Agricultural  Text-Book. 

THE  FIELDS  OF  GREAT  BRITAIN  : A Text-Book  of 
Agriculture,  adapted  to  the  Syllabus  of  the  Science  and  Art  Department. 
For  Elementary  and  Advanced  Students.  By  Hugh  Clements  (Board  of 
Trade).  Second  Edition,  Revised,  with  Additions.  i8mo,  2s.  6rf.  cloth. 

"A  most  comprehensive  volume,  giving  a mass  of  information.  —Agricultural  Economist. 

“ft “ a longtime 1“ie  we  have  seen  a book  which  has  pleased  us  more,  or  which  contains 
such  a vast  and  useful  fund  of  know  ledge." — Educational  limes. 

JSSlWi™  CALCULATED  RESULTS 

CIS.  Third  Edition,  Revised.  272  pp.,  waistcoat  pocket  sae,  is.  6d.  leather 
" Weighing  less  than  1 oz„  and  occupying  no  more  space  than  a match  box,  it  contains  a 

Messenger . 
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Artificial  Manures  and  Foods. 

FERTILISERS  AND  FEEDING  STUFFS:  Their  Proper- 
ties  and  Uses.  A Handbook  for  the  Practical  Farmer.  By  Bernard  Dyer, 
D.Sc.  (Lond.)  With  the  Text  of  the  Fertilisers  and  Feeding  Stuffs  Act  of 
1893,  the  Regulations  and  Forms  of  the  Board  of  Agriculture  and  Notes  on 
the  Act  by  A.  J.  David,  B.A.,  LL.M.,  of  the  Inner  Temple,  Barrister-at-Law. 
Crown  8vo,  120  pages,  is.  cloth.  [Just  published. 

" An  excellent  shilliugsworth.  Dr.  Dyer  has  done  farmers  good  service  in  placing  at  their  dis- 
posal so  much  useful  information  in  so  intelligible  a form." — The  Times. 


The  Management  of  Bees. 

BEES  FOR  PLEASURE  AND  PROFIT:  A Guide  to  the 
Manipulation  of  Bees,  the  Production  of  Honey,  and  the  General  Manage- 
ment of  the  Apiary.  By  G.  Gordon  Samson.  Crown  8vo,  is.  cloth. 

“ The  intending  bee-keeper  will  find  exactly  the  kind  of  information  required  to  enable  him 
to  make  a successful  start  with  his  hives.  The  author  is  a thoroughly  competent  teacher,  and  his 
book  may  be  commended." — Morning  Post. 

Farm  and  Estate  Book-keeping. 

BOOK-KEEPING  FOR  FARMERS  &■  ESTATE  OWNERS. 

A Practical  Treatise,  presenting,  in  Three  Plans,  a System  adapted  for  all 
Classes  of  Farms.  By  Johnson  M. Woodman,  Chartered  Accountant.  Second 
Edition,  Revised.  Crown  8vo,  3s.  6 d.  cloth  boards  ; or  2s.  6 d.  cloth  limp. 

“The  volume  is  a capital  study  of  a most  Important  subject"— Agricultural  Gazette. 

The  young  farmer,  land  agent,  and  surveyor  will  find  Mr.  Woodman’s  treatise  more  than 
repay  its  cost  and  study.’’— Building  News. 

Farm  Account  Book. 

WOODMAN'S  YEARLY  FARM  ACCOUNT  BOOK.  Giving 
a Weekly  Labour  Account  and  Diary,  and  showing  the  Income  and  Expen- 
diture under  each  Department  of  Crops,  Live  Stock,  Dairy,  &c.  &c.  With 
Valuation,  Profit  and  Loss  Account,  and  Balance  Sheet  at  the  end  of  the 
Year.  By  Johnson  M.  Woodman,  Chartered  Accountant,  Author  of  “ Book- 
keeping for  Farmers."  Folio,  7s.  6d.  half  bound.  [culture 

"Contains  every  requisite  form  for  keeping  farm  accounts  readily  and  accurately." Agri- 

Early  Fruits,  Flowers,  and  Vegetables. 

THE  FORCING  GARDEN ; or,  How  to  Grow  Early  Fruits 
Flowers,  and  Vegetables.  With  Plans  and  Estimates  for  Building  Glass- 
houses, Pits,  and  Frames.  By  Samuel  Wood.  Crown  8vo,  3s.  6 d.  cloth 
“ A ffQod  book,  and  fairly  fills  a place  that  was  in  some  degree  vacant.  The  book  is  written’with 
great  care,  and  contains  a great  deal  of  valuable  teaching."—  Gardeners'  Magazine. 

Good  Gardening. 

A PLAIN  GUIDE  TO  GOOD  GARDENING  ; or,  Howto  Grow 
Vegetables,  Fruits,  and  Flowers.  By  S.  Wood.  Fourth  Edition  with  con- 
siderable  Additions,  &c.,  and  numerous  Illustrations.  Crown  8vo!  is.  6d  cl 
“ A very  good  book,  and  one  to  be  highly  recommended  as  a practical  guide.  The  nrartiral 
directions  are  excellent."— Athenaum.  practical 

“May  be  recommended  to  young  gardeners,  cottagers,  and  specially  to  amateurs,  for  t-h#» 
plain,  simple,  and  trustworthy  information  it  gives  on  common  matters  too  often  neglected"— 
Gardeners'  Chronicle . 611 

Gainful  Gardening. 

MULTUM-IN-PARVO  GARDENING ; or,  How  to  make  One 

Acre  of  Land  produce  £620  a-year  by  the  Cultivation  of  Fruits  and  Vegetables  • 
also,  How  to  Grow  Flowers  in  Three  Glass  Houses,  so  as  to  realise  £176  per 
annum  clear  Profit  By  Samuel  Wood,  Author  of  “Good  Gardening,"  &c. 
.Fifth  and  Cheaper  Edition,  Revised,  with  Additions.  Crown  8vo,  is.  tewed 

rardem^  re“mmend  it  as  not  only  suited  to  the  case  of  the  amateur  and  gentleman''s 

gardener,  but  to  the  market  grower.”— Gardetters'  Magazine. 

Gardening  for  Ladies. 

THE  LADIES'  MULTUM-IN-PARVO  FLOWER  GARDEN 

and  Amateurs'  Complete  Guide.  With  Illusts.  By  S.  Wood.  Cr.8vo,  3s  6 d cl 

Receipts  for  Gardeners. 

GARDEN  RECEIPTS.  Edited  by  Charles  W.  Quin,  i2mo 

is.  6 a.  cloth  limp.  1 

Market  Gardening. 

MARKET  AND  KITCHEN  GARDENING.  By  Contributors 

Garden.”  Compiled  by  C.  W.  Shaw,  late  Editor  of  "Gardening 
Illustrated.”  i2mo, 3s.  64.  cloth  boards.  B 
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AUCTIONEERING,  VALUING,  LAND  SURVEYING 
ESTATE  AGENCY,  etc. 

Auctioneer’s  Assistant* 

THE  APPRAISER,  A UCTlONEER,  BROKER , HOUSE  AND 
ESTATE  AGENT  AND  VALUER'S  POCKET  ASSISTANT,  fortheValua- 
tion  for  Purchase,  Sale,  or  Renewal  of  Leases,  Annuities  and  Reversions,  and 
of  property  generally;  with  Prices  for  Inventories,  &c.  By  John  Wheeler, 
Valuer,  &c.  Sixth  Edition,  Re-written  and  greatly  extended  by  C.  Norris, 
Surveyor,  Valuer,  &c.  Royal  32100,  5s.  cloth. 

" A neat  and  concise  book  of  reference,  containing  an  admirable  and  clearly-arranged  list  of 
prices  for  inventories,  and  a very  practical  guide  to  determine  the  value  of  furniture,  Sic."— Standard. 

“ Contains  a large  quantity  of  varied  and  useful  Information  as  to  the  valuation  for  purchase, 
sale,  or  renewal  of  leases,  annuities  and  reversions,  and  of  property  generally,  with  prices  for 
Inventories,  and  a guide  to  determine  the  value  of  interior  fittings  and  other  effects."— Builder. 

Auctioneering. 

AUCTIONEERS : THEIR  DUTIES  AND  LIABILITIES. 
A Manual  of  Instruction  and  Counsel  for  the  Young  Auctioneer.  By  Robert 
Squibbs,  Auctioneer.  Second  Edition,  Revised  and  partly  Re-written.  Demy 
8vo,  12s.  6 d.  cloth. 

%*  Opinions  of  the  Press. 

“ The  standard  text-book  on  the  topics  of  which  it  treats.”— A thenaum. 

“ The  work  is  one  of  general  excellent  character,  and  gives  much  information  m a compen- 
dious and  satisfactory  form." — Builder.  . . , . 

" May  be  recommended  as  giving  a great  deal  of  information  on  the  law  relating  to 
auctioneers,  in  a very  readable  form." — Law  Journal.  _ . . . . 4 ^ . 

" Auctioneers  may  be  congratulated  on  having  so  pleasing  a writer  to  minister  to  their  special- 
needs. ” — Solicitors'  Journal.  „ . „ . 

"Every  auctioneer  ought  to  possess  a copy  of  this  excellent  work.  Ironmonger. 

" Of  great  value  to  the  profession.  ...  We  readily  welcome  this  book  from  the  fact  that  it 
treats  the  subject  in  a manner  somewhat  new  to  the  profession." — Estates  Gazette. 

Inwooil’s  Estate  Tables. 

TABLES  FOR  THE  PURCHASING  OF  ESTATES,  Freehold, 

Cobyhold,  or  Leasehold;  Annuities,  A dvowsons,  etc.,  and  for  the  Renewing  of 
Leases  held  under  Cathedral  Churches,  Colleges,  or  other  Corporate  bodies, 
for  Terms  of  Years  certain,  and  for  Lives;  also  for  Valuing  Reversionary 
Estates,  Deterred  Annuities,  Next  Presentations,  &c. ; together  with  Smart  s- 
Five  Tables  of  Compound  Interest,  and  an  Extension  of  the  same  to-ower 
and  Intermediate  Rates.  By  W.  Inwood  24th  Edition,  with  considerable 
Additions,  and  new  and  valuable  Tables  of  Logarithms  for  the  more  Difficult 
Computations  of  the  Interest  of  Money,  Discount,  Annuities,  &c  , by  M.  l bdob 
Thoman  of  the  Soci&e  Credit  Mobilier  ot  Paris.  Crown  8vo,  8s.  cloth. 

■ Interested  in  the  purchase  and  sale  of  estates,  and  In  the  adjustment  of  compensation 

cases Unities,  life  insurances.  Ac.  wiU  find  the  present  edition  ot 

eminent  se^ce.'J— enviable  reputat.on.  The  newissue has  been  enriched, 
byl^“do^  c^tri^ti““M.  Fedor  Thomar?  whose  carefuliy  arranged  Tables  cannot 
to  be  of  the  utmost  utility."— Mining  Journal. 

A ari C'lLlt'llVdl  j^SSi/StCtTht/* 

AQTHE  AGRICULTURAL  VALUER'S  ASSISTANT.  A Prac- 

tical Handbook  on  the  Valuation  of  Landed  Estates  ; including  Rules  and 

Holding!  Act,  &c.  &c.  By' Tom  Bright  Agricultural  Surveyor.  Second 

'•^uu'o? table smid  exalnplcs^ii  connection  with  the 

P^%a£lNT?TIO$fe™™™DERWOODS:  A Practical 

and  use  bo  ttftofurvey  ors^rnd  of  all  kinds."-^  ^ 
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Hudson’s  Land  Valuer’s  Pocket-Hook. 

THE  LAND  VALUER’S  BEST  ASSISTANT:  Being  Tables 

on  a very  much  Improved  Plan,  for  Calculating  the  Value  of  Estates.  With 
Tables  for  reducing  Scotch,  Irish,  and  Provincial  Customary  Acres  toStatute' 
Measure,  &c.  By  R.  Hudson,  C.E.  New  Edition.  Royal  32100,  4s.  leather 
" Of  incalculable  value  to  the  country  gentleman  and  professional  man.”— Farmers'  Journal, 

Ewart’s  Land  Improver’s  Pocket-Book. 

THE  LAND  IMPROVER'S  POCKET-BOOK  OF  FORMULA!, 
TABLES,  and  MEMORANDA  required  in  any  Computation  relating  to  the 
Permanent  Improvement  of  Landed  Property.  By  John  Ewart,  Surveyor 
Second  Edition.  Royal  32mo,  4s,  leather.  * 

Complete  Agricultural  Surveyor’s  Pocket-Book. 
THE  LAND  VALUER’S  AND  LAND  IMPROVER’S  COM- 
PLETE POCKET-BOOK.  Being  of  the  above  Two  Works  bound  together 
Leather,  with  strap,  7s.  6 d.  6 


House  Property. 

HANDBOOK  OF  HOUSE  PROPERTY.  A Popular  and  Practi- 
cal Guide  to  the  Purchase,  Mortgage,  Tenancy,  and  Compulsory  Sale  of 
Houses  and  Land,  including  the  Law  of  Dilapidations  and  Fixtures  • with 
Examples  of  all  kinds  of  Valuations,  Useful  Information  on  Building  and 
Suggestive  Elucidations  of  Fine  Art.  By  E.  L.  Tarbuck,  Architect  and 
Surveyor.  Fifth  Edition,  Enlarged,  ramo,  55.  cloth.  ana 

"The  advice  is  thoroughly  practical." — Law  Journal. 

11  For  all  who  have  dealings  with  house  property,  this  is  an  Indispensable  guide."— Decoration 
"Carefully  brought  up  to  date,  and  much  improved  by  the  addition  of  a division  on  fin. 
art.  . . . A well-written  and  thoughtful  work." — Land  Agent's  Record.  u'™lon  on  line 


LAW  AND  MISCELLANEOUS. 


Journalism. 

MODERN  JOURNALISM , 

Counsel  for  the  Young  Journalist.  By  John  B 
tute  of  Journalists.  Crown  8vo,  2s.  cloth. 


vATo™nRdp°k  of  ^ruction  an# 


“This  invaluable  guide  to  journalism  is  a work  vr’  .i,  . . L/ms*  puonsnect. 

read  with  advantage. Journalist.  ,nIoh  a11  asPirants  t0  a Journalistic  career  wil 


Ackie,  Fellow  of  the  Insti- 
[Just  published. 


Private  B°  v legislation  and  Provisional  Orders 
HANDBOOK  FOR  THE  USE  OF  SOLICITORS  AND  EN- 
GINEERS Engaged  in  Promoting  Private  Acts  of  Parliament  and  Provi- 
sional Orders,  for  the  Authorization  of  Railways,  Tramways,  Gas  and  Water 
Works,  &c.  By  L.  Livingston  Macassey,  of  the  Middle  Temple,  Barrister- 
at-Law,  M. Inst. C.E.  8vo,  25s.  cloth. 


Late  of  Patents. 

PATENTS  FOR  INVENTIONS,  AND  HOW  TO  PROCURE 

THEM.  Compiled  for  the  Use  of  Inventors,  Patentees  and  others.  By 
G.  G.  M.  Hardingham,  Assoc. Mem. Inst.  C.E. , Sec.  Demy  8vo,  is.  6<f.  cloth. 

Labour  Disputes. 

CONCILIATION  AND  ARBITRATION  IN  LABOUR  DIS - 
PUTES : A Historical  Sketch  and  Brief  Statement  of  the  Present  Position 
of  the  Question  at  Home  and  Abroad.  By  J.  S.  Jeans,  Author  of  "England’s 
Supremacy,”  &c.  Crown  8vo,  200  pp„  2s.  6 d.  cloth.  [ Just  published. 

“ Mr.  Jeans  is  well  qualified  to  write  on  this  subject,  both  by  his  previous  books  and  by  his 
practical  experience  as  an  arbitrator.’ '—The  Times. 

Pocket-Book  for  Sanitary  Officials. 

THE  HEALTH  OFFICER'S  POCKET-BOOK : A Guide  to 

Sanitary  Practice  and  Law.  For  Medical  Officers  of  Health,  Sanitary  In- 
spectors, Members  of  Sanitary  Authorities,  &c.  By  Edward  F.  Willoughby 
M.D.  (Lond.),  &c.,  Author  of  “ Hygiene  and  Public  Health.”  Fcap.  8vo' 
7s.  6 d.  cloth,  red  edges,  rounded  corners.  [ Just  published. 

“ A mine  of  condensed  information  of  a pertinent  and  useful  kind  on  the  various  subjects  of 
which  it  treats.  The  matter  seems  to  have  been  carefully  compiled  and  arranged  for  facility  o? 
reference,  and  it  is  well  illustrated  by  diagrams  and  woodcuts.  The  different  subjects  are 
succinctly  but  fully  and  scientifically  dealt  with.” — The  Lancet. 

“ An  excellent  publication,  dealing  with  the  scientific,  technical  and  legal  matters  connected, 
with  the  duties  of  medical  officers  of  health  and  sanitary  inspectors.  The  work  is  replete  with 
Information.”— Local  GovemtneiU  Journal. 
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A Complete  Epitome  of  the  Laws  of  this  Country. 

EVERY  MAN'S  OWN  LAWYER:  A Handy-Book  of  the 
Principles  of  Law  and  Equity.  With  A CONCISE  DICTIONARY 
OF  LEGAL  TERMS.  By  A Barrister.  Thirty-second  Edition,  carefully 
Revised,  and  including  New  Acts  of  Parliament  of  1894.  Comprising  the 
Local  Government  Act,  1894  (establishing  District  and  Parish  Councils) ; 
Finance  Act,  1894  (imposing  the  New  Death  Duties) ; Merchant  Shipping  Act, 
1894'  Prevention  of  Cruelty  to  Children  Act,  1894;  Building  Societies  Act,  1894  ; 
Notice  of  Accidents  Act,  1894;  Sale  of  Goods  Act,  1893;  Voluntary  Conveyances 
Act,  1893;  Married  Women's  Property  Act,  1893;  Trustee  Act,  1893  ; Fertiliser 
and  Feeding  Stuffs  Act,  1893;  Betting  and  Loans  (Infants)  Act,  1892;  Shop 
Hours  Act,  1892  ; Small  Holdings  Act,  1892;  and  many  other  important  new 
Acts.  Crown  8vo,  750  pp.,  price  6s.  8 d.  (saved  at  every  consultation!), 
strongly  bound  in  cloth.  [Just  published , 


***  The  Book  will  be  found  to  comprise  ( amongst  other  matter) — 
the  Rights  and  Wrongs  of  individuals— landlord  and  tenant— Vendors 
and  purchasers— Leases  and  Mortgages— principal  and  agent— Partnership 
and  companies— Masters,  Servants,  and  workmen— Contracts  and  Agreements 
—borrowers,  Lenders,  and  Sureties— Sale  and  purchase  of  Goods— Cheques, 
Bills  and  Notes-bills  of  Sale— Bankruptcy— railway  and  Shipping  Law- 
Life  'fire,  and  marine  insurance— Accident  and  Fidelity  insurance— Criminal 
law—  parliamentary  elections— County  councils— District  councils— Parish 
councils— Municipal  corporations— Libel  and  slander— public  health  and 

NUISANCES— COPYRIGHT,  PATENTS,  TRADB  MARKS— HUSBAND  AND  WIFE— DIVORCE- 
INFANCY— CUSTODY  OF  CHILDREN  — TRUSTEES  AND  EXECUTORS  — CLERGY,  CHURCH- 
WARDENS etc.— Game  Laws  and  sporting-innkeepers— Horses  and  dogs— taxes 
and  Death  Duties— Forms  of  Agreements,  Wills,  Codicils,  Notices,  etc. 


The  object  of  this  work  is  to  enable  those  who  consult  it  to  help  them- 
selves to  the  law ; and  thereby  to  dispense,  as  far  as  possible,  with  professional 
assistance  and  advice.  There  are  many  wrongs  and  grievances  which  persons  sub- 
mit to  from  time  to  time  through  not  knowing  how  or  where  to  apply  for  redress  ■ and 
many  persons  have  as  great  a dread  of  a lawyer’s  office  as  of  a lion’s  den.  With  this 
book  at  hand  it  is  believed  that  many  a Six-and-Eightpence  may  be  saved;  many 
a wrong  redressed  ; many  a right  reclaimed;  many  a law  suit  avoided ; and  many 
an  evil  abated.  The  work  has  established  itself  as  the  standard  legal  adviser  of  all 
classes,  and  has  also  made  a reputation  for  itself  as  a useful  book  of  reference  for 
lawyers  residing  at  a distance  from  law  libraries,  who  are  glad  to  have  at  hand  a 
work  embodying  recent  decisions  and  enactments. 


%*  Opinions  of  the  Press. 

■'  A complete  code  of  English  Law,  written  In  plain  language,  which  all  can  understand. 
Should  be  in  the  hands  of  every  business  man,  and  all  who  wish  to  abolish  lawyers  . . 


11  a useful  and  concise  epitome  of  the  law,  compiled  with  considerable  care."— Ana/  Magazine. 
“ A complete  digest  of  the  most  useful  facts  which  constitute  English  law  ."—Globe. 

" Admirably  done,  admirably  arranged,  and  admirably  cheap."— Leeds  Mercury. 

” A concise,  cheap  and  complete  epitome  of  the  English  law.  So  plainly  written  that  he  who 
runs  may  read,  and  he  who  reads  may  understand."— Figaro. 

“The latest  edition  of  this  popular  book  ought  to  be  in  every  business  establishment,  and  on 
every  library  table."— Sheffield  Post.  . ,, 

“ A complete  epitome  of  the  law ; thoroughly  intelligible  to  non-professional  readers^  ^ 

Legal  Guide  for  Pawnbrokers. 

THE  LAW  OF  LOANS  AND  PLEDGES.  With  Statutes 
and  a Digest  of  Cases.  By  H.  C.  Folkard,  Esq.,  Barrister-at-Law.  Fcap. 
8vo,  3s.  6 d.  cloth. 


The  Law  of  Contracts. 

LABOUR  CONTRACTS  : A Popular  Handbook  on  the  Law 
of  Contracts  for  Works  and  Services.  By  David  Gibbons.  Fourth  Edition, 
Appendix  of  Statutes  by  T.  F.  Uttley,  Solicitor.  Fcap.  8vo,  3s.  6 d.  cloth. 

The  Factory  Acts. 

SUMMARY  OF  THE  FACTORY  AND  WORKSHOP  ACTS 
11878-1801!  For  the  Use  of  Manufacturers  and  Managers.  By  Emile 
Garcke  and  J.  M.  Fells.  (Reprinted  from  “ Factory  Accounts.  ) Crown 
8vo,  6d.  sewed. 
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LONDON,  1862. 
THE  PRIZE  MEDAL 

Was  awarded  to  the  Publishers  of 


WEALE’S  SERIES 


RUDIMENTARY  SCIENTIFIC, EDUCATIONAL, 
AND  CLASSICAL. 


Comprising'  nearly  Three  Hun  dred  and  Fifty  distinct  -works  in  almost  every 
department  of  Science,  Art,  and  Education,  recommended  to  the  notice  of  Engineers, 
A rchitects.  Builders,  A rtisans,  and  Students  generally,  as  well  as  to  those  interested 
in  Workmen'  s~T^ibrariesP^itemry~and  Scientific  Institutions,  Colleges,  Schools, 
Science  Classes,  6a- c.,  & nc. 

13?”  " WEALE’S  SERIES  includes  Text-Books  on  almost  every  branch  of 
Science  and  Industry,  comprising  such  subjects  as  Agriculture,  Architecture 
and  Building,  Civil  Engineering,  Fine  Arts,  Mechanics  and  Mechanical 
Engineering,  Physical  and  Chemical  Science,  and  many  miscellaneous 
Treatises.  The  whole  are  constantly  undergoing  revision,  and  new  editions, 
brought  up  to  the  latest  discoveries  in  scientific  research,  are  constantly 
issued.  The  prices  at  which  they  are  sold  are  as  low  as  their  excellence  is 
assured." — American  Literary  Gazette. 

“ Amongst  the  literature  of  technical  education,  Weale’s  Series  has  ever 
enjoyed  a high  reputation,  and  the  additions  being  made  by  Messrs.  CROSBY 
Lockwood  & Son  render  the  series  more  complete,  and  bring  the  informa- 
tion upon  the  several  subjects  down  to  the  present  time.” — Mining  Journal. 

“ It  is  not  too  much  to  say  that  no  books  have  ever  proved  more  popular 
■with,  or  more  useful  to,  young  engineers  and  others  than  the  excellent 
treatises  comprised  in  Weale’s  Series.” — Engineer. 

“ The  excellence  of  Weale’s  Series  is  now  so  well  appreciated,  that  it 
would  be  wasting  our  space  to  enlarge  upon  their  general  usefulness  and 
value.” — Builder. 

“The  volumes  of  Weale's  Series  form  one  of  the  best  collections  of 
elementary  technical  books  in  any  language.” — Architect. 

” WEALE'S  SERIES  has  become  a standard  as  well  as  an  unrivalled 
collection  of  treatises  in  all  branches  of  art  and  science.” — Public  Opinion. 


PHILADELPHIA,  1876. 
THE  PRIZE  MEDAL 

Was  awarded  to  the  Publishers  for 

Books  : Rudimentary,  Scientific, 

"WEALE’S  SERIES,”  ETC. 


CROSBY  LOCKWOOD  & SON, 

7,  STATIONERS’  HALL  COURT,  LUDGATE  HILL,  LONDON,  E.C, 
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weale’s  rudimentary  series. 


WE  ALE’S  RUDIMENTARY  SCIENTIFIC  SERIES. 


The  volumes  of  this  Series  are"  freely  Illustrated  with 
Woodcuts,  or  otherwise,  where  requisite.  Throughout  the  fol- 
lowing List  it  must  be  understood  that  the  books  are  bound  in 
limp  cloth,  unless  otherwise  stated;  but  the  volumes  marked' 
\ with  a t may  also  be  had  strongly  bound  in  cloth  boards  for  6d. 
extra. 

JV.B . — In  ordering  from  this  List  it  is  recommended , as  a 
means  of  facilitating  business  and  obviating  error , to  quote  the 
numbers  affixed  to  the  volumes , as  well  as  the  titles  and  prices. 


CIVIL  ENGINEERING,  SURVEYING,  ETC. 

No. 

31.  WELLS  AND  WELL-SINKING.  By  John  Geo.  Swindell, 
A.R.I.B.A.,  and  G.  R.  Burnell,  C.E.  Revised  Edition.  With  a New 
Appendix  on  the  Qualities  of  Water.  Illustrated.  2s.  

35.  THE  BLASTING  AND  QUAE  EYING  OF  STONE , for 

Building  and  other  Purposes.  By  Gen.  Sir  J.  Burgoynb,  Bart.  is.  6d. 

43.  2UBULAE,  AND  OTHEE  IEON  G1EDEE  BEIDGES,  par- 

ticularly describing  the  Britannia  and  Conway  Tubular  Bridges.  By  G. 
Drysdalh  Dempsey,  C.E.  Fourth  Edition.  2s.  . . 

44.  FOUNDATIONS  AND  CONCRETE  WORKS,  with  Practical 

Remarks  on  Footings,  Sand,  Concrete,  Beton,^  Pile-driving,  Caissons,  and 
Cofferdams,  &c.  By  E.  Dobson.  Seventh  Edition,  is.  6d. 

60.  LAND  AND  ENGINEERING  SURVEYING.  By  T.  Baker, 

C.E.  Fifteenth  Edition,  revised  by  Professor  J.  R.  Young.  2s.t 

80*.  EM  BA  NKIA  G LANDS  FEOM  THE  SEA.  With  examples 

and  Particulars  ot  actual  Embankments,  8cc.  By  J.  Wiggiks,  F.G.S.  2S. 

WATEE  fVOEAS,  for  the  Supply  of  Cities  and  Towns.  With 

a Description  of  the  Principal  Geological  Formations  of  England  as  in- 
fluencing Supplies  of  Water,  &c.  By  S.  Hughes,  C.E.  New  Edition.  4S*£ 

CIVIL  ENGINEERING  IN  NORTH  AMERICA,  a Sketch 

of.  By  David  Stevenson,  F.R.S.E.,  8cc.  Plates  and  Diagrams.  3s. 

167.  IRON  BRIDGES,  GIRDERS,  ROOFS,  AND  OIHER 
WORKS.  By  Francis  Campin,  C.E.  2s.  6d.t 
ROADS  AND  STREETS.  By  H.  Law,  C.E.,  revised  and 

enlarged  by  D.  K.  Clark,  C.E.,  including  pavements  of  Stone,  Wood, 

SANITARi  WORK  IN  THE  SMALLER  TOWNS  AND  IN 

VILLAGES.  By  C.  SlAgg,  A.M.T.C.E.  Revised  Edition.  ,3?-* 

GAS-  WORKS,  THEIR  CON  SIR  UCTION  AND  ARRANGE- 

MENi  ; and  the  Manufacture  and  Distribution  of  Coa.1  Gas.  Originally 
written  fey  Samuel  Hughes,  C.E.  Re-written  and  enlarged  by  William 
Richards,  C.E.  Eighth  Edition,  with  important  additions.  5s.  Od.t 

PIONEER  ENGINEERING.  A Treatise  on  the  Engineering 

Operations  connected  with  the  Settlement  of  Waste  Lands  in  New  Coun- 
tries. By  Edward  Dobson,  Assoc.  Inst.  C.E.  4s.  6d.t 

216.  MATERIALS  AND  CONSTRUCTION;  A Theoretical  and 

Practical  Treatise  on  the  Strains,  Designing,  and  Erection  of  M orks  ot  Con- 
struction. By  Francis  Campin,  C.E.  Second  Edition,  revised  0s.t 

CIVIL  ENGINEERING.  By  Henry  Law,  M Inst  C.L. 

Including  Hydraulic  Engineering  by  Geo.  R.  nkT r* Clark' 

Seventh  Edition,  revised,  with  large  additions  by  D.  Kinnkak  Clark, 

M. Inst.  C.E.  6s.  6d„  Cloth  boards,  7*.  6d.  Drnrnar/’C 

THE  DRAINAGE  OF  LANDS,  TOWNS,  &•  BUILDINGS. 

By  G.  D.  Dempsey,  C.E.  Revised,  with  large  Additions  on  Recent  Eructico 
in  Drainage  Engineering,  by  D.  Kinnear  Clark,  M.I  C.E.  Second  Edition, 
Corrected.  4s.  6d.t 
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34- 

59- 

82. 

98. 

*39- 


166. 

171. 

190. 


200. 


MECHANICAL  ENGINEERING,  ETC. 

33.  CRANES,  the  Construction  of,  and  other  Machinery  for  Raising 

Heavy  Bodies.  By  Joseph  Glynn,  F.R.S.  Illustrated,  is.  6d. 

THE  STEAM  ENGINE.  By  Dr.  Lardner.  Illustrated,  is.  6d. 
STEAM  BOILERS : their  Construction  and  Management.  By 
R.  Armstrong,  C.E.  'Illustrated,  is.  6d. 

THE  POWER  OF  WATER , as  applied  to  drive  Flour  Mills, 
and  to  give  motion  to  Turbines,  &c.  By  Josbph  Glynn,  F.R.S.  2s4 
PRACTICAL  MECHANISM,  the  Elements  of;  and  Machine 
Tools.  By  T.  Baker,  C.E.  With  Additions  by  J.  Nasmyth,  C.E.  2s.  6d4 
THE  STEAM  ENGINE,  a Treatise  on  the  Mathematical  Theory 
of,  with  Rules  and  Examples  for  Practical  Men.  By  T.  Baker,  C.E.  is.  6d 

164.  MODERN  WORKSHOP  PRACTICE,  as  applied  to  Steam  En- 
gines, Bridges,  Ship-building,  &c.  By  J.  G.  Winton.  New  Edition.  3s.  6d4 

165.  IRON  AND  HEAT,  exhibiting  the  Principles  concerned  in  the 

Construction  of  Iron  Beams,  Pillars,  and  Girders.  By  J.  Armour.  2s.  6d4 

POWER  IN  MOTION : Horse-Power,  Toothed- Wheel  Gearing, 

Long  and  Short  Driving  Bands,  and  Angular  Forces.  By  J.  Armour,  2s.± 

THE  WORKMAN’S  MANUAL  OF  ENGINEERING 

DRAWING.  ByJ.MAXTON.  7th  Edn.  With  7 Plates  and  350  Cuts.  3s.  6d4 
STEAM  AND  THE  STEAM  ENGINE , Stationary  and 
Portable.  By  J.  Sewell  and  D.  K.  Clark,  C.E.  3s.  6d4 
FUEL,  its  Combustion  and  Economy.  By  C.  W.  WILLIAMS. 
With  Recent  Practice  in  the  Combustion  and  Economy  of  Fuel — Coal,  Coke 
Wood,  Peat,  Petroleum,  &c. — by  D.  K.  Clark,  M.I.C.E.  3s.  6d4 

202.  LOCOMOTIVE  ENGINES.  By  G.  D.  Dempsey,  C.E. ; with 

large  additions  by  D.  Kinnear  Clark,  M.I.C.E.  3s.t 

an.  THE:  BOILERMAKER'S  ASSISTANT  in  Drawing,  Tern- 

plating,  and  Calculating  Boiler  and  Tank  Work.  By  John  Courtnby, 
Practical  Boiler  Maker.  Edited  by  D.  K.  Clark,  C.E.  100  Illustrations.  2s 
217.  SEWING  MACHINERY : Its  Construction,  History,  &c.,  with 
full  Technical  Directions  for  Adjusting,  Sec.  By  J.  W.  Urquhart,  C.E.  284 

223.  MECHANICAL  ENGINEERING.  Comprising  Metallurgy, 

Moulding,  Casting,  Forging,  Tools,  Workshop  Machinery,  Manufacture  oi 
the  Steam  Engine,  &c.  By  Francis  Campin,  C.E.  Second  Edition.  2s.  6d4 

236.  DETAILS  OF  MACHINERY.  Comprising  Instructions  for 

the  Execution  of  various  Works  in  Iron.  By  Francis  Campin.  C.E.  is  ± 

237 • THE  SM1IHY  AND  FORGE;  including  the  Farrier’s  Art  and 

Coach  Smithing.  By  W.  J.  E.  Crane.  Illustrated.  2s.  6d.J 

238.  THE  SHEET-METAL  WORKER’S  GUIDE;  a Practical  Hand- 
book for  Tinsmiths,  Coppersmiths,  Zincworkers,  &c.  With  94  Diagrams  and 
Working  Patterns.  By  W.  J.  E.  Crane.  Third  Edition,  revised,  is  5d  * 

251.  STEAM  AND  MACHINERY  MANAGEMENT : with  Hints 

on  Construction  and  Selection.  By  M.  Powis  Bale,  M.I.M.E.  2s.  6d  ± 

254.  THE  BOILERMAKER'S  READY-RECKONER  Bv  T 

Courtney.  Edited  by  D.  K.  Clark,  C.E.  4s.  7 J ' 

*»  No3-21'1  an<I  254  in  One  Vo/.,  half-bound, entitled'1  The  Boilermaker’s  Ready- 
Reckoner  and  Assistant.  * By  J.  Courtney  and  D.  K Clark  7s 

255-  LOCOMOTIVE  ENGINE-DRIVING.  A Practical  Manual  for 

Jingineers  in  charge  of  Locomotive  Engines.  By  Michael  Reynolds  M S E* 
Ninth  Edition.  3s.  6d.,  limp  ; 4s.  6d.  cloth  boards.  ’ 

256.  STATIONARY  ENGINE-DRIVING.  A Practical  Manual  for 

boLds,CHABL  Rkynolds-  m-s-e- 

260.  IRON  BRIDGES  OF  MODERATE  SPAN : their  Construe 

By  Hamilton  W.  Pbndrbd,  C.E.  2s. 


tion  and  Erection. 


*ar 


The  t indicates  that  these  yols.  may  be  had  strongly  bound  at  6 d. 


extra. 


7,  STATIONERS’  HALL  COURT,  LUDGATE  HILL,  E.C. 


4 


weale’s  rudimentary  series. 


1 1 7- 
*35- 

172. 

172*. 

176. 

180. 

195- 

214. 

264. 


MINING,  METALLURGY,  ETC. 

MINERALOGY,  Rudiments  of;  a concise  View  of  the  General 
Properties  of  Minerals.  By  A.  Ramsay,  F.G.S.,  F.R.G.S.,  &c.  Fourth 
Edition,  revised  and  enlarged.  Illustrated.  3s.  6d.t 

SUBTERRANEOUS  PURVEYING,  with  and  without  the  Mag- 
netic Needle.  By  T.  Fenwick  and  X.  Baker,  C.E.  Illustrated.  2s.  6d.  t 
ELECTRO-METALLURGY ; Practically  Treated.  By  Alex- 
ander Watt.  Tenth  Edition,  enlarged,  with  additional  Illustrations,  and 
including  the  most  recent  Processes.  3s.  6d.i 

MINING  T'OOLS,  Manual  of.  For  the  Use  of  Mine  Managers, 

Agents,  Students,  &c.  By  William  Morgans.  2s.  6d. 

MINING  TOOLS,  ATLAS  ot  Engravings  to  Illustrate  the  above, 

containing  235  Illustrations,  drawn  to  Scale.  4to.  4s.  6d. 

METALL  UR G Y OF  1R  ON.  Containing  History  of  Iron  Manu- 
facture Methods  of  Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manu- 
facture of  Iron  and  Steel,  8tc..  By  H.  Bauerman,  F.G.S.  Sixth  Edition, 
revised  and  enlarged.  Ss.t 

COAL  AND  COAL  MINING.  By  the  late  Sir  Warington  W. 
Smyth,  11. A.,  F.R.S.  Seventh  Edition,  revised.  3s.  6d.t 
I HE  MINERAL  SURVEYOR  AND  VALUER'S  COM- 
PLETE  GUIDE.  By  W.  Lintern,  M.E.  Third  Edition,  including  Mag- 
netic and  Angular  Surveying.  With  Four  Plates.  3s.  6d.t 

SLATE  AND  SLATE  QUARR  YING,  Scientific,  Practical,  and 
Commercial.  By  D.  C.  Davies,  F.G.S.,  Mining  Engineer,  &c.  3s.t 
A FIRST  BOOK  OF  MINING  AND  QUARRYING,  with  the 

Sciences  connected  therewith,  for  Primary  Schools  and  Self  Instruction.  By 
J.  H.  Collins,  F.G.S.  Second  Edition,  with  additions,  is.  6d. 


ARCHITECTURE,  BUILDING,  ETC. 

16.  ARCHIL ECTURE— ORDERS— The  Orders  and  their  ^Esthetic 
Principles.  By  W.  H.  Leeds.  Illustrated,  is.  6d. 
ARCH1TECLURE— STYLES— The  History  and  Description  of 
the  Styles  of  Architecture  of  Various  Countries,  from  the  Earliest  to  the 
Present  Period.  By  T.  Talbot  Bury,  F.R.I.B.A.  &c.  Illustrated.  2s. 

* * Orders  and  Styles  of  Architecture,  m (Jne  Vol.,  3s.  oa. 
ARCHITECTURE— DESIGN— The  Principles  of  Design  in 
Architecture  as  deducible  Irom  Nature  and  exemplified  in  the  \\  orks  of  the 

Greek  and  Gothic  Architects.  By  E.L.Garbett  Architect  IllusiraieT^ed 

. . The  three  preceding  Works,  in  One  handsome  Vol.,  half  bound,  entitled 
“ Modern  Architecture,  price  6 s. . 

THE  ART  OF  BUILDING,  Rudiments  oh  General  Principles 

of  Construction,  Materials  used  in  Building,  Strength  and  Tge  annals, 

Working  Drawings,  Specifications,  and  Estimates.  By  E.  Dob  0 , 4 

MASONRY  AND  STONECUT1ING  : Rudimentary  Treatise 

on  the  Principles  of  Masonic  Projection  and  their  application  to  Con- 
struction. By  Edward  Dobson,  M.R.I.B.A.,  &c.  2s.  6d4 
COTTAGE  BUILDING.  By  C.  Bruce  Allen,  Architect 

Eleventh  Edition,  revised  and  enlarged.  With  a Chapter  on  Economic  Cottages 
for  Allotments,  by  Edward  E.  Allen,  C.E.  2S.  qtJCK 

LIMES  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 

LighethoufetnSMS  &c.aByC.  Tomunson'fTCs!  &c.  Illustrated.  3s. 

-^-The  % indicates  that  t.hesirvnts.  maytr^hml  strongly  bound  at  6 d.  extia.^ 
' LONDON  : ' CFOM3Y  T.OCRWOOD  AND  SON, 
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Architecture,  Building,  etc.,  continued. 

1 1 6.  THE  ACOUSTICS  OF  PUBLIC  BUILDINGS;  or,  The 

Principles  of  the  Science  of  Sound  applied  to  the  purposes  of  the;Architect  and 
Builder.  By  T.  Roger  Smith,  M.R.I.B.A.,  Architect.  Illustrated,  is.  6d. 

127.  ARCHITECTURAL  MODELLING  IN  PAPER , the  Art  of. 

By  T.  A.  Richardson,  Architect.  Illustrated,  is.  6d. 

128.  VITRUVIUS— THE  ARCHITECTURE  OF  MARCUS 

VITRUVIUS  POLLO.  In  Ten  Books.  Translated  from  the  Latin  bp 
Joseph  Gwilt,  F.S.A.,  F.R.A.S.  With  23  Plates.  5s. 

130.  GRECIAN  ARCHITECTURE,  An  Inquiry  into  the  Principles 
of  Beauty  in  ; with  an  Historical  View  of  the  Rise  and  Progress  of  the  Art  in 
Greece.  By  the  Earl  of  Aberdeen,  is. 

%•  The  two  preceding  Works  in  One  handsome  Vol.,  half  bound,  entitled  “Ancibnt 
Architecture,”  price  6s. 

132.  THE  ERECTiON  OF  DWELLING-HOUSES.  Illustrated  by 

a Perspective  View,  Plans,  Elevations,  and  Sections  of  a pair  of  Semi- 
detached Villas,  with  the  Specification,  Quantities,  and  Estimates,  &c.  By 
S.  H.  Brooks.  New  Edition,  with  Plates.  2s.  6d.i 
156.  QUANTITIES  MEASUREMENTS  in  Bricklayers’,  Masons’, 
Plasterers’,  Plumbers’,  Painters’,  Paperhangers’,  Gilders’,  Smiths’,  Carpenters’ 
and  Joiners’  Work.  By  A.  C.  Beaton,  Surveyor.'  Ninth  Edition,  is.  6d. 

175.  LOCK  WOOD’S  BUILDER'S  PRICE  BOOK  FOR  1805.  A 

Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  Builders, 
Architects,  Engineers,  and  Contractors.  Re-constructed,  Re-written,  and 
further  Enlarged.  By  Francis  T.  W.  Miller,  A.R.I.B.A.  800  pages, 
4s.,  cloth  boards. 

182.  CARPENTRY  AND  JOINER Y— The  Elementary  Prin- 
ciples of  Carpentry.  Chiefly  composed  from  the  Standard  Work  of 
Thomas  Tredgold,  C.E.  With  a TREATISE  ON  JOINERY  by  E. 
Wyndham  Tarn,  M.A.  Fifth  Edition,  Revised.  3s.  fid  t 
182*.  CARPENTRY  AND  JOINERY.  ATLAS  of  35  Plates  to 
accompany  the  above.  With  Descriptive  Letterpress.  4to  6s. 

185.  THE  COMPLETE  MEASURER  ; the  Measurement  of  Boards, 
Glass,  &c. ; Unequal-sided,  Square-sided,  Octagonal-sided,  Round  Timber 
and  Stone,  and  Standing  Timber,  &c.  By  Richard  Horton.  Fifth 
Edition.  4s. ; strongly  bound  in  leather,  5s. 

187.  HINTS  TO  YOUNG  ARCHITECTS.  By  G.  Wightwick. 

New  Edition.  By  G.  H.  Guillaume.  Illustrated.  3s.  fid.f 

188.  HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 

W RITIN G : with  a Course  of  Elementary  Drawing  for  House- Painters,  Sign- 
Writers,  &c.,  and  a Collection  of  Useful  Receipts.  By  Ellis  A.  Davidson. 
Sixth  Edition.  With  Coloured  Plates.  5s.  cloth  limp  ; 6s.  cloth  boards. 

189.  THE  RUDIMENTS  OF  PRACTICAL  BRICKLAYING. 
In  Six  Sections  : General  Principles;  Arch  Drawing,  Cutting,  and  Setting: 
Pointing;  Paving,  Tiling,  Materials;  Slating  and  Plastering;  Practical 
Geometry, Mensuration,  &c.  By  Adam  Hammond.  Eighth  Edition,  is.  6d. 

191.  PLUMBjlNG.  A Text-Book  to  the  Practice  of  the  Art  or  Craft  of 

the  Plumber.  With  Chapters  upon  House  Drainage  and  Ventilation.  Sixth 
Edition.  With  380  Illustrations.  By  W.  P.  Buchan.  3s.  id.f 

192.  THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANT’S, 

and  BUILDER’S  STANDARD  GUIDE.  By  R.  E.  Grandy.  25. 

206.  A BOOK  ON  BUILDING,  Civil  and  Ecclesiastical,  including 
Church  Restoration.  With  the  Theory  of  Domes  and  the  Great  Pyramid, 
&c.  By  Sir  Edmund  Beckett,  Bart.,  LL.D.,  Q.C.,  F.R.A.S.  4s.  6d.t 
226.  THE  JOiNTS  MADE  AND  USED  BY  BUILDE  RS  in  the 

Construction  of  various  kinds  of  Engineering  and  Architectural  Works.  By 
WyvillJ . Christy,  Architect.  With  upwards  of  160  Engravingson  Wood,  is.t 

228.  THE  CONSTRUCTION  OF  ROOFS  OF  WOOD  AND  IRON. 

By  E.  Wyndham  Tarn,  M.A.,  Architect.  Third  Edition,  revised,  is.  fid. 

The  t indicates  that  these  vols.  may  be  had  strongly  boun  d at  6d.  extra. 
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Architecture,  Building,  etc.,  continued. 
229.  ELEMENTARY  DECORATION : 


as  applied  to  the  Interior 

and  Exterior  Decoration  of  Dwelling-Houses,  &c.  By  J.  W.  Facby.  2s. 

PRACTICAL  HOUSE  DECORATION.  A Guide  to  the  Art 

of  Ornamental  Painting.  By  James  W.  Fachy.  2s.  6d. 

The  two  preceding  Works,  in  One  handsome  Vol.,  half -bound,  entitled  “ House 
Decoration.  Elementary  and  Practical,”  price  «. 

A PRACTICAL  TREATISE  ON  HANDRAILING.  Showing 
New  and  Simple  Methods.  By  G.  Collings.  Second  Edition,  Revised, 
including  A Treatise  on  Stairbuilding.  Plates.  2s.  6d. 

BUIL  DING  ESTA  TES  : a Rudimentary  Treatise  on  the  Develop- 
ment, Sale,  Purchase,  and  General  Management  of  Building  Land.  By 
Fowler  Maitland,  Surveyor.  Second  Edition,  revised.  2s. 

PORTLAND  CEMENT  FOR  USERS.  By  Henry  Faija, 
Assoc.  M.  Inst.  C.E.  Third  Edition,  corrected.  Illustrated.  2s. 
BRICKWORK : a Practical  Treatise,  embodying  the  General 
and  Higher  Principles  ot  Bricklaying,  Cutting  and  Setting,  &c.  By  F. 
Walker.  Third  Edition,  Revised  and  Enlarged,  is.  6d. 

THE  PRACTICAL  BRICK  AND  TILE  BOOK.  Comprising: 
Brick  and  ilk  Making,  by  E.  Dobson,  A.I. C.E. ; Practical  Bricklay- 
ing, by  A H mmond;  Brickcutting  and  Setting,  by  A.  Hammond.  534 
pp.  with  270  Illustrations.  6s.  Strongly  half-bound. 

THE  TIMBER  MERCHANT'S,  SAW-MILLER’S,  AND 
IMPORTER’S  FREIGHT-BOOK  AND  ASSISTANT.  By  Wm.  Rich- 
ardson. With  Additions  by  M.  Powis  Bale,  A.M.Inst.C.E.  3s. t 
CIRCULAR  WORK  IN  CARPENTRY  ADD  JOINERY. 

A Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature. 
BylGEORGE  Collings.  Second  Edition,  2s.  6d. 

GAS  FI I TIE  G:  A Practical  Handbook  treating  of  every 

Description  of  Gas  Laying  and  Fitting.  Rv  Tohn  Black.  2s.  6d.t 

261.  SHORING  AND  ITS  APPLICATION : A Handbook  for  the 

Use  of  Students.  By  George  H.  Bi.agrovk.  is.  6d. 

265.  THE  AR  T OPERA  C7ICAL  BRICK CUI  TING  & SETTING. 

J3y  Adam  Hammond.  With  qo  Engravings,  is.  6d. 

THE  SCIENCE  OF  BUILDING : An  Elementary  Treatise  on 
the  Principles  of  Construction.  By  E.  Windham  Tarn,  M.  A.  Lond.  Third 
Edition,  Revised  and  Enlarged.  3s.  6d.t 

VENTILA 1 ION : a Text-book  to  the  Practice  of  the  Art  of 

Ventilating  Buildings  By  W.  P.  Buchan,  R.P.,  Sanitary  Engineer,  Author 
of  “ Plumbing,”  &c.  .3s.  6d.t  . _ 

ROOF  leARPEETRY ; Practical  Lessons  m the  Framing  of 

Wood  Roofs.  For  the  Use  of  Working  Carpenters.  By  Geo.  Collings, 

Author  of  “ Handrailing  and  Stairbuilding,”  &c.  2s. 

THE  PRACTICAL  PLASTERER  : A Compendium  of  Plain 

and  Ornamental  Plaster  Work.  ByAViLFRED  Kemp.  2s.  [Just  published. 
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SHIPBUILDING,  NAVIGATION,  ETC. 

NA  VAL  ARCHITECTURE.  An  Exposition  of  the  Elementary 

Principles.  By  J.  Peake.  Fifth  Edition,  with  Plates.  3s.  6d.t 

SHIPS  FOR  OCEAN  dr-  RIVER  SER  VICE,  Elementary  and 

Practical  Principles  of  the  Construction  of.  By  H.  A.  Sommerfbldt.  is.  6d. 

AN  ATLAS  OFENGRA  VINGS  to  Illustrate  the  above.  Twelve 

large  folding  plates.  Royal  4to,  cloth.  7s.  6d.  

MASTING,  MAS2-MAAING,  AND  RIGGING  OF  SHIPS, 

Also  Tables  of  Spars,  Rigging,  Blocks;  Chain,  AVire,  and  Hemp  Ropes 
&c.,  relative  to  every  class  or  vessels.  By  Robert  Kipping,  ^.A.  2s.. 
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Shipbuilding,  Navigation,  Marine  Engineering,  etc.,  cont. 
54*.  IRON  SHIP-BUILDING.  With  Practical  Examples  and  Details. 
By  Tohh  Grantham.  C.E.  Fifth  Edition.  4s. 

55.  THE  SAILOR ’S  SEA  BOOK  : a Rudimentary  Treatise  on 

Navigation.  By  James  Greenwood,  B.A.  With  numerous  Woodcuts  and 


Coloured  Plates.  New  and  enlarged  edition.  By  W.  H.  Rosser.  2s.  6d4 

MARINE  ENGINES  AND  STEAM  VESSELS.  By  Robert 

Murray,  C.E.  Eighth  Edition,  thoroughly  Revised,  with  Additions  by  the 
Author  and  by  George  Carlisle,  C.E.  4s.  6d.  limp  ; 5s.  cloth  boards. 

S3iw.  THE  FORMS  OF  SHIPS  AND  BOATS.  By  W.  Bland. 

Ninth  Edition,  with  numerous  Illustrations  and  Models,  is.  6d. 

NAVIGATION  AND  NALTIcAL  ASTRONOMY,  in  Theory 
and  Practice.  By  Prof.  J.  R.  Young.  New  Edition.  2s.  6d. 

SHIPS'  ANCHORS,  a Treatise  on.  By  G.  Cotsell,  N.A.  is.6d. 
SAILS  AND  SAIL-MAKING.  With  Draughting,  and  the  Centre 
of  Effort  of  the  Sails ; Weights  and  Sizes  of  Ropes  ; Masting,  Rigging, 
and  Sails  of  Steam  Vessels,  8cc.  13th  Edition.  By  R.  Kipping.  N.A. , 2S.  6d.t 
ENGINEER'S  GUIDE  TO  THE  ROYAL  & MERCANTILE 
NAVIES.  By  a Practical  Engineer.  Revised  by  D.  F.  M'Carthy.  3s. 
PRACTIoAL  NAVIGATION.  Consisting  of  The  Sailor’s 
Sea-Book.  By  James  Greenwood  and  W.  H.  Rosser.  Together  with 
the  requisite  Mathematical  and  Nautical  Tables  for  the  Working  of  the 
Problems.  By  H.  Law,  C.E.,  and  Prof.  J.  R.  Young.  7s.  Half-bound. 
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AGRICULTURE,  GARDENING,  ETC. 

61*.  A COMPLETE  READY  RECKONER  FOR  THE  ADMEA- 
SUREMENT  OF  LAND,  Sec.  By  A.  Arman.  Fourth  Edition,  revised 
and  extended  by  C.  Norris,  Surveyor,  Valuer,  &c.  2s. 

13 1.  MILLER'S,  CORN  MERCHANT’S,  AND  FARMER’S 
READY  RECKONER.  Second  Edition,  with  a Price  List  of  Modern 
Flour-Mill  Machinery,  by  W.  S.  Hutton,  C.E.  2s. 

140.  SOILS,  MANURES,  AND  CROPS.  (Vol.  1.  Outlines  of 

Modern  Farming.)  By  R.  Scott  Burn.  Woodcuts.  2s. 

141.  FARMING  &■  FARMING  ECONOMY,  Notes,  Historical  and 

Practical,  on.  (Vol.  2. Outlines  of  Modern  Farming.)  By  R.  ScottBurn.  3s. 

142.  STOCK ; CATTLE,  SHEEP,  AND  HORSES.  (Vol.  3. 

Outlines  of  Modern  Farming.)  By  R.  Scott  Burn.  Woodcuts.  2s.  6d. 

145.  DAIRY,  PIGS,  AND  POULTRY,  Management  of  the.  By 

R.  Scott  Burn.  (Vol.  4.  Outlines  of  Modern  Farming.)  2s. 

146.  UTILIZATION  OF  SEWAGE,  IRRIGATION,  AND 

RECLAMATION  OF  WASTE  LAND.  (Vol.  5 . Outlines  of  Modern 
Farming.)  By  R.  Scott  Burn.  Woodcuts.  2s.  6d. 

Nos.  140-1-2-5-6,  in  One  Vol.,  handsomely  half-bound,  entitled  “ Outlines  0» 
Modern  Farming.”  By  Robert  Scott  Burn.  Price  12 s. 

177*  FRUIT  TREES,  The  Scientific  and  Profitable  Culture  of.  From 

the  French  of  Du  Breuil.  Revised  by  Geo.  Glenny.  187  Woodcuts.  3s.  6d. 

198.  SHEEP;  THE  HISTORY,  STRUCTURE,  ECONOMY,  AND 

DISEASES  OF.  By  W.  C.  Spooner,  M.R.V.C.,  &c.  Fifth  Edition, 
enlarged,  including  Specimens  ot  New  and  Improved  Breeds.  3s.  6d.t 

201.  KITCHEN  GARDENING  MADE  EASY.  By  George  M.  F. 

Glenny.  Illustrated,  is.  6d.t 

207.  OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organi - 

zation  of  Fatm  Labour.  By  R.  Scott  Burn.  2s.  6d.$ 

208.  OUTLINES  OF  LANDED  ESTATES  MANAGEMENT. 

By  R.  Scott  Burn.  2s.  6d. 

%*  Nos.  207  S*  208  in  One  Vol .,  handsomely  half -bound,  entitled  “Outlines  of 
Landed  Estates  and  Farm  Management.”  By  R.  Scott  Burn.  Price  6s, 

7 he  % indicates  that  these  vols.  may  be  had  strongly  bound  at  6 d.  extra . 
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Agriculture,  Gardening,  etc.,  continued. 

209.  THE  TREE  PLANTER  AND  PLANT  PROPAGATOR. 

A Practical  Manual  on  the  Propagation  of  Forest  Trees,  Fruit  Trees, 
Flowering  Shrubs,  Flowering  Plants,  &c.  By  Samubl  Wood.  2s. 

210.  THE  TREE  PRLNER.  A Practical  Manual  on  the  Pruning  of 

Fruit  Trees,  including  also  their  Training  and  Renovation ; also  the  Pruning 
of  Shrubs,  Climbers,  and  Flowering  Plants.  By  Samuel  Wood.  is.  6d. 

Nos.  209  <$v  210  in  One  Vol.,  handsomely  half -bound,  entitled  “The  Tree 
Planter,  Propagator,  and  Pruner.”  By  Samuel  Wood.  Price  3 s.  6d 
218.  THE  HA  Y AND  STRA  W MEASURER  : Being  New  Tables 
for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw  Dealers,  8cc. 
By  John  Steele.  Fifth  Edition.  2s. 

222.  SUBURBAN  FARMING.  The  Laying-out  and  Cultivation  of 
Farms,  adapted  to  the  Produce  of  Milk,  Butter,  and  Cheese,  Eggs,  Poultry, 
and  Pigs.  By  Prcrf.  John  Donaldson  and  R.  Scott  Burn.  3s.  6d.t 

231.  THE  ART  OF  GRAFTING  AND  BUDDING.  By  Charles 

Baltet.  With  Illustrations.  2S.  6d.t 

232.  COTTAGE  GARDENING ; or,  Flowers,  Fruits,  and  Vegetables 

for  Small  Gardens.  By  E.  Hobday,  is.  6d. 

233.  GARDEN  RECEIPTS.  Edited  by  Charles  W.  Quin.  is.  6d. 

234.  MARKET  AND  KITCHEN  GARDENING.  By  C.  W.  Shaw, 

late  Editor  of  “ Gardening  Illustrated.”  3 s . t 

239.  DRAINING  AND  EMBANKING.  A Practical  Treatise,  em- 

bodying the  most  recent  experience  in  the  Application  of  Improved  Methods. 
By  John  Scott,  late  Professor  of  Agriculture  and  Rural  Economy  at  the 
Royal  Agricultural  College,  Cirencester.  With  08  Illustrations,  is.  6d. 

240.  IRRIGA  TION  AND  WA  TER  SUPPL  Y.  A Treatise  on  Water 

Meadows,  Sewage  Irrigation,  and  Warping ; the  Construction’  of  Wells, 
Ponds,  and  Reservoirs,  &c.  By  Prof.  John  Scott.  With  34  Ulus.  is.  6d. 

241.  FARM  ROADS,  FENCES,  AND  GATES.  A Practical 

Treatise  on  the  Roads,  Tramways,  and  Waterways  of  the  Farm;  the 
Principles  of  Enclosures ; and  the  different  kinds  of  Fences,  Gates,  and 
Stiles.  By  Professor  John  Scott.  With  73  Illustrations,  is.  6d. 

242.  FARM  BUILDINGS.  A Practical  Treatise  on  the  Buildings 

necessary  for  various  kinds  of  Farms,  their  Arrangement  and  Construction, 
with  Plans  and  Estimates.  By  Prof.  John  Scott.  With  105  Ulus.  2s. 

243.  BARN  IMPLEMENTS  AND  MACHINES.  A Practical 

Treatise  on  the  Application  of  Power  to  the  Operations  of  Agriculture ; and 
on  various  Machinesused  in  the  Threshing-barn,  in  the  Stock-yard,  and  in  the 
Dairy,  &c.  By  Prof.  J.  Scott.  With  123  Illustrations.  2s. 

244.  FIELD  IMPLEMENTS  AND  MACHINES.  A Practical 

Treatise  on  the  Varieties  now  in  use,  with  Principles  and  Details  of  Con- 
struction, their  Points  of  Excellence,  and  Management.  By  Professor  John 
Scott.  With  138  Illustrations.  2s. 

245.  AGRICULTURAL  SUR1E1ING.  A Practical  Treatise  on 

Land  Surveying,  Levelling,  and  Setting-out ; and  on  Measuring  and  Esti- 
mating Quantities,  Weights,  and  Values  of  Materials,  Produce,  Stock,  &c. 
By  Prof.  John  Scott.  With  62  Illustrations,  is.  6d. 

• • JVos.  239  to  245  in  One  Vol.,  handsomely  half -bound,  entitled  “The  Complete 
Text-Book  of  Farm  Engineering.”  By  Professor  John  Scott.  Price  12s. 

250.  MEAT  PRODUCTION.  A Manual  for  Producers,  Distributors, 

&c.  By  John  Ewart.  2s.  6d.t 

266.  BOOK-KEEPING  FOR  FARMERS  & ESTATE  OWNERS. 
By  J.  M.  Woodman,  Chartered  Accountant.  2s.  6d.  cloth  limp;  3s.  6d. 
cloth  boards. 

fyftr  7 he  t indicates  that  these  vols  may  be  had  strongly  bound  at  6 d.  extra. 
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MATHEMATICS,  ARITHMETIC,  ETC. 

32.  MATHEMATICAL  INSTRUMENTS,  a Treatise  on;  Their 
Construction,  Adjustment,  Testing,  and  Use  concisely  Explained.  By  J.  F. 
Heather,  M.A.  Fourteenth  Edition,  revised,  with  additions,  by  A.  T. 
Walmisley,  M.I.C.E.,  Fellow  of  the  Surveyors’  Institution.  Original  Edi- 
tion, in  x vol.,  Illustrated.  2s.t 

*„*  In  ordering  the  above,  be  careful  to  say,  “ Original  Edition  ” (No.  32),  to  distin- 
guish it  from  the  Enlarged  Edition  in  3 vols.  (Nos.  168-9-70.) 

76.  DESCRIPTIVE  GEOMETRY,  an  Elementary  Treatise  on; 
with  a Theory  of  Shadows  and  of  Perspective,  extracted  from  the  French  of 
G.  Monge.  To  which  is  added,  a description  of  the  Principles  and  Practice 
of  Isometrical  Projection.  By  J.  F.  Heather,  M.A.  With  14  Plates.  2s. 

178.  PRACTiCAL  PLANE  GEOMETRY : giving  the  Simplest 
Modes  of  Constructing  Figures  contained  in  one  Plane  and  Geometrical  Con- 
struction of  the  Ground.  By  J.  F.  Heather,  M.A.  With  215  Woodcuts.  2s, 

83.  COMMERCIAL  BOOK-KEEPING.  With  Commercial  Phrases 

and  Forms  in  English,  French,  Italian,  and  German.  By  James  Haddon, 
M.A.,  Arithmetical  Master  of  King’s  College  School,  London,  is.  6d. 

84.  ARITHMETIC,  a Rudimentary  Treatise  on : with  full  Explana- 

tions of  its  Theoretical  Principles,  and  numerous  Examplesfor  Practice.  By 
Professor  J.R.  Young.  Twelfth  Edition,  is.  6d. 

84*.  A Key  to  the  above,  containing  Solutions  in  full  to  the  Exercises,  together 
with  Comments,  Explanations,  and  Improved  Processes,  for  the  Use  of 
Teachers  and  Unassisted  Learners.  By  J.  R.  Young,  is.  6d. 

«S.  EQUATIONAL  ARITHMETIC,  applied  to  Questions  of  Interest, 

Annuities,  Life  Assurance,  and  General  Commerce  ; with  various  Tables  by 
which  all  Calculations  may  be  greatly  facilitated.  By  W.  Hipsley.  2s. 

86.  ALGEBRA,  the  Elements  of.  By  James  Haddon,  M.A. 
With  Appendix,  containing  miscellaneous  Investigations,  and  a Collection 
of  Problems  in  various  parts  of  Algebra.  2s. 

86*.  A Key  and  Companion  to  the  above  Book,  forming  an  extensive  repository  of 
Solved  Examples  and  Problems  in  Illustration  of  the  various  Expedients 
necessary  in  Algebraical  Operations.  By  J.  R.  Young,  is.  6d. 

88.  EUCLID,  The  Elements  of  : with  many  additional  Propositions 

89.  and  Explanatory  Notes : to  which  is  prefixed,  an  Introductory  Essay  ’on 
Logic.  By  Henry  Law,  C.E.  2s.  6d.t 

***  Sold  also  separately,  viz.  : — 

Euclid,  The  First  Three  Books.  By  Henry  Law,  C.E.  is.  6d. 

Euclid,  Books  4,  5,  6,  11,  1 2.  By  Henry  Law,  C.E.  is.  6d. 

ANALYTICAL  GEOMETRY  AND  CONIC  SECTIONS 

By  James  Hann.  A New  Edition,  by  Professor  J.  R.  Young  2s  t 

PLANE  TRIGONOMETRY,  the  Elements  of.  By  James 

Hann,  formerly  Ma  thematical  Master  of  King’s  College,  London  is  6d 

SPHERICAL  TRIGONOMETRY,  the  Elements  of.  By  Tames 

Hann.  Revised  by  Charles  H.  Dowling,  C.E.  is. 

**  Or  with  “ I he  Elements  of  Plane  Trigonometry,"  in  One  Volume  2S.  6d. 

MENSURATION  AND  MEASURING.  With  the  Mensuration 

and  Levelling  of  Land  for  the  Purposes  of  Modern  Engineering.  By  T 
Baker,  C.E.  New  Edition  by  E.  Nugent,  C.E.  Illustrated,  is.  6d. 
DIEFEREN jIAL  CALCULUS,  Elements  of  the.  By  W S B 
Woolhouse,  F.R.A.S.,  &c.  is.  6d.  y 

I02.  INTEGRAL  CALCULUS,  Rudimentary  Treatise  on  the.  By 

Homersham  Cox,  B.A.  Illustrated,  is.  * 

136.  ARITHMETIC,  Rudimentaiy,  for  the  Use  of  Schools  and  Self- 

Instruction  By  James  Haddon,  M.A.  Revised  by  A.  Arman,  is.  6d 

137.  A Key  to  Haddon  s Rudimentary  Arithmetic.  By  A.  Arman,  is.  6d. 

7 he  t indicates  that  these  vols.  may  be  had  strongly  bound  at  6 d.  extra. 
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Mathematics,  Arithmetic,  etc.,  continued. 

168.  DRAWING  AND  MEASURING  INSTRUMENTS.  Includ- 

ing — -I.  Instruments  employed  in  Geometrical  and  Mechanical  Drawing, 
and  in  the  Construction,  Copying,  and  Measurement  of  Maps  and  Plans. 
II.  Instruments  used  for  the  purposes  of  Accurate  Measurement,  and  for 
Arithmetical  Computations.  By  f . F.  Heather,  M.A.  Illustrated,  is.  6d. 

OPTICAL  INSTRUMENTS.  Including  (more  especially)  Tele- 
scopes, Microscopes,  and  Apparatus  for  producing  copies  of  Maps  and  Plans 
by  Photography.  By  J.  F.  Heather,  M.A.  Illustrated,  is.  6d. 

SURVEYING  AND  ASTRONOMICAL  INSTRUMENTS. 

Including — I.  Instruments  Used  for  Determining  the  Geometrical  Features 
of  a portion  of  Ground.  II.  Instruments  Employed  in  Astronomical  Observa- 
tions. By  J.  F.  Heather,  M.A.  Illustrated,  is.  6d. 

#*  The  above  three  volumes  form  an  enlargement  of  the  Author’s  original  work , 
il  Mathematical  Instruments .”  {See  No.  32  in  the  Series.) 

168. } MATHEMATICAL  IN  SI  R UM ENTS.  By  J.  F.  Heather, 

169.  > M.A.  Enlarged  Edition,  for  the  most  part  entirely  re-written.  The  3 Parts  as 

170. )  above,  in  One  thick  Volume.  With  numerous  Illustrations.  4s.  6d.t 

158.  iHE  SLIDE  ROLE , AND  HOW  TO  USE  IT;  containing 

full,  easy,  and  simple  Instructions  to  perform  all  Business  Calculations  with 
unexampled  rapidity  and  accuracy.  By  Charles  Hoars,  C.E.  Sixth 
Edition.  With  a Slide  Rule  in  tuck  of  cover.  2s.  6d.i 

THEORY  OF  COMPOUND  INTEREST  AND  ANNUL 

TIES;  with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.  By  FfiDOR  Thoman,  Fourth  Edition.  4s. t 

THE  COMPENDIOUS  CALCULATOR  ; or,  Easy  and  Concise 

Methods  of  Pertorming  the  various  Arithmetical  Operations  required  in 
Commercial  and  Business  Transactions  together  with  Useful  Tables.  By 
D.  O’Gorman.  Twenty-seventh  Edition,  carefully  revised  by  C.  Norris. 
2s  6d.,  cloth  limp;  3s.  6d.,  strongly  half-bound  in  leather. 

MA  '1  HEM  A 7ICAL  CABLES,  for  Trigonometrical,  Astronomical, 

and  Nautical  Calculations ; to  which  is  prefixed  a Treatise  on  Logarithms. 
By  Henry  Law,  C.E.  Together  with  a ‘Series  of  Tables  for  Navigation 
and  Nautical  Astronomy.  By  Prof.  J.  R.  Young.  New  Edition.  4s. 

LOGARITHMS.  With  Mathematical  Tables  for  Trigonometrical, 

Astronomical,  and  Nautical  Calculations.  ByHENRY  Law,  M. Inst. C.E.  New 
and  Revised  Edition.  (Forming  part  of  the  above  Work).  3s. 

221.  MEASURES,  WEIGHTS,  AND  MONEYS  OF  ALL  NA- 
TIONS, and  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan  Calen- 
dars. Bv  W.  S.  B.  Woolhouse,  F.R.A.S.,  F.S.S.  Seventh  Edition,  2s.  6^1 

MATHEMATICS  AS  APPLIED  TO  THE  CONSTRUC- 
TIVE ARTS.  Illustrating  the  various  processes  of  Mathematical  Investi- 
gation, by  means  of  Arithmetical  and  Simple  Algebraical  Equations  ana 
Practical  Examples.  Bv  Francis  Campin.  C.E.  Third  Edition.  3s.t 


196. 


199. 


204. 


204* 


227. 


PHYSICAL 


PHILO- 


1. 


With 


By 


SCIENCE,  NATURAL 
SOPHY,  ETC. 

CHEMISTRY.  By  Professor  George  Fownes,  F.R.S. 

an  Appendix  on  the  Application  of  Chemistry  to  Agriculture,  is. 

2.  NATURAL  PHILOSOPHY,  Introduction  to  the  Study  ot. 

C.  Tomlinson.  Woodcuts,  is.  6d.  tv.., 

6.  MECHANICS,  Rudimentary  Treatise  on.  By  Charles  IOM- 

linson.  Illustrated,  is.  6d.  i ...  e -r., , • 

7.  ELECTRICITY;  showing  the  General  Principles  of  Elechical 

Science,  and  the  purposes  to  which  it  has  been  applied  By  Sir  M .Snow 
Harris  F R.S.,  &c.  With  Additions  by  R.  Sabinb,  C.E.,  F.SA.  is.  6d. 
GALVANISM.  By  Sir  W.  Snow  Harris.  New  Edition  by 

Robert  Sabine,  C.E.,  F.S.A.  is.  6d.  p i -p  • 

MAGNETISM ; being  a concise  Exposition  of  the  General  Pnn- 

ciples  of  Magnetical  Science.  By  Sir  W.  Snow  Hamus.  New  I:dltlon* 

revised  bv  H.  M.  Noad,  Ph.D.  With  165  Woodcuts.  3s.  6<U 

ipr-  7 A.  1 that  these  7,0 Is.  may  be  had  strongly  bounn  at  6 d.  extra. 
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Physical  Science,  Natural  Philosophy,  etc.,  continued. 

11.  THE  ELECTRIC  TELEGRAPH ; its  History  and  Progress; 

with  Descriptions  of  some  of  the  Apparatus.  ByR.  Sabine,  C.E.,  F.S.A.  3s. 

12.  PNEUMATICS,  including  Acoustics  and  the  Phenomena  of  Wind 

Currents,  for  the  Use  of  Beginners  By  Charles  Tomlinson,  F.R.S. 
Fourth  Edition,  enlarged.  Illustrated,  is.  6d. 

72.  MANUAL  OF  THE  MOLLUSCA  ; a Treatise  on  Recent  and 
Fossil  Shells.  By  Dr.  S.  P.  Woodward,  A.L.S.  Fourth  Edition.  With 
Plates  and  300  Woodcuts.  7s.  6d.,  cloth. 

96.  ASTRONOMY.  By  the  late  Rev.  Robert  Main,  M.A.  Third 

Edition,  by  William  Thynnb  Lynn,  B.A.,  F.R.A.S.  2s. 

97.  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of; 

embracing  also  a clear  development  of  Hydrostatics,  Hydrodynamics,  and 
Central  Forces.  By  T.  Baker,  C.E.  Fourth  Edition,  is.  6d. 

173.  PHYSICAL  GEOLOGY,  partly  based  on  Major-General  Port- 

lock’s  “Rudiments  of  Geology.”  By  Ralph  Tate,  A.L.S.,&c.  Woodcuts.  2s. 

174.  HISTORICAL  GEOLOGY,  partly  based  on  Major-General 

Portlock’s  “Rudiments.”  By  Ralph  Tate,  A.L.S.,  &c.  Woodcuts.  2s.6d. 

173  RUDIMENTARY  TREATISE  ON  GEOLOGY,  Physical  and 

& Historical.  Partly  based  on  Major-General  Portlock’s  “ Rudiments  of 
174.  Geology.”  By  Ralph  Tate,  A.L.S.,  F.G.S.,  &c.  In  One  Volume.  4s.  6d.$ 
183  ANIMAL  PHYSICS,  Handbook  of.  By  Dr.  Lardner,  D.C.L., 

Si  formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University 
184.  College,  Lond.  With  520  Illustrations.  In  One  Vol.  7s.  6d.,  cloth  boards. 

! %*  Sold  also  in  '1  mo  Parts,  as  follows  : — 

183.  Animal  Physics.  By  Dr.  Lardner.  Part  I.,  Chapters  I. — VII.  4s. 

184.  Animal  Physics.  By  Dr.  Lardner.  Part  II.,  Chapters  VIII. — XVIII.  3s. 
269.  LIGHT : an  Introduction  to  the  Science  of  Optic=,  for  the  Use  of 

Students  of  Architecture,  Engineering,  and  other  Applied  Sciences.  By  E. 
Wyndham  Tarn,  M.A.  is.  6d. 


FINE  ARTS. 

20.  PERSPECI IVE  FOR  BEGINNERS.  Adapted  to  Young 

Students  and  Amateurs  in  Architecture,  Painting,  &c.  By  George  Pyne.  2s. 

40  GLASS  STAINING,  AND  THE  ART  OF  PAINTING  ON 
GLASS.  From  the  German  of  Dr.  Gessert  and  Emanuel  Otto  From- 
berg.  With  an  Appendix  on  The  Art  of  Enamelling.  2s  6d. 

69.  MUSIC,  A Rudimentary  and  Practical  Treatise  on.  With 

numerous  Examples.  By  Charles  Child  Spencer.  2s.  6d. 

71.  PIANOFORTE,  The  Art  of  Playing  the.  With  numerous  Exer- 
cises & Lessons  from  the  Best  Masters.  By  Charles  Child  Spencer.  is.6d. 
69-71.  MUSIC  ts3  THE  PIANOFORTE.  In  one  vol.  Half  bound,  5s. 
181.  PAINTING  POPULARLY  EXPLAINED,  including  Fresco, 

Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic,  Miniature, 
Painting  on  Ivory,  Vellum,  Pottery,  Enamel,  Glass.  &c.  With  Historical 
Sketches  of  the  Progress  of  the  Art  by  Thomas  John  Gullick,  assisted  by 
John  Timbs,  F.S.A.  Sixth  Edition,  revised  and  enlarged.  5s. t 
186.  A GRAMMAR  OF  COLOURING,  applied  tc  Decorative 
Painting  and  the  Arts.  By  George  Field.  New  Edition,  enlarged  and 
adapted  to  the  Use  of  the  Ornamental  Painter  and  Designer.  By  Ellis  A. 
Davidson.  With  two  new  Coloured  Diagrams,  &c.  3s. f 

246.  A DICTIONARY  OF  PAINTERS,  AND  HANDBOOK  FOR 

PICTURE  AMATEURS ; including  Methods  of  Painting,  Cleaning,  Re* 
lining  and  Restoring,  Schools  of  Painting,  &c.  With  Notes  on  the  Copyists 
and  Imitators  of  each  Master.  By  Philippe  Daryl.  2s.  6d.J 

The  t indicates  that  these  vols.  may  be  had  strongly  bound  at  6d.  extra . 


7,  STATIONERS’  HALL  COURT,  LUDGATE  HILL,  E.C. 


12 


WEAL  It’s  RUDIMENTARY  SERIES. 


INDUSTRIAL  AND  USEFUL  ARTS. 

23.  BRICKS  AND  TILES , Rudimentary  Treatise  on  the  Manufac- 
ture of.  By  E.  Dobson,  M.R.I.B.A.  Illustrated, ys.t 
67.  CLOCKS , WATCHES,  AND  BELLS,  a Rudimentary  Treatise 
on.  By  Sir  Edmund  Beckett,  LL.D.,  Q.C.  Seventh  Edition,  revised  and  en- 
larged. 4s.  6d.  limp;  5s.  6d.  cloth  boards. 

83**.  CONS! RUCi  ION  OF  DOOR  LOCKS.  Compiled  from  the 
Papers  of  A.  C.  Hobbs,  and  Edited  by  Charles  Tomlinson.  F.R.S.  2s.  6d. 
162.  TEE  BRASS  FOLNDEICS  MANUAL;  Instructions  for 

Modelling,  Pattern-Making,  Moulding,  Turning,  Filing,  Burnishing, 
Bronzing,  &c.  With  copious  Receipts,  8cc.  By  Walter  Graham.  2S.t 

205.  7 HE  AR'i  OF  LEI  TER  PAINTING  MADE  EASY.  By 
T.  G.  Badenoch.  Illustrated  with  12  full-page  Engravings  of  Examples,  is.  6d- 
215.  THE  GOLDSMITH'S  HANDBOOK , containing  full  Instruc- 
tions for  the  Alloying  and  Working  ot  Gold.  By  George  E.  Gee,  3S4 
225.  THE  SILVERSMITH'S  HANDBOOK,  containing  full  In- 
structions for  the  Alloying  and  Working  of  Silver.  By  George  E.  Gee.  is.t 
•#*  The  two  preceding  Works,  in  One  handsome  Voi.,  half -bound,  entitled  “The 
Goldsmith’s  & Silversmith’s  Complete  Handbook,”  7 s. 

249.  THE  HALL-MARKING  OF  JEWELLERY  PRACTICALLY 
CONSIDERED.  By  George  E.  Gee.  3S4 
224.  COACH  BUILDING,  A Practical  Treatise,  Historical  and 
Descriptive.  By  T.  W.  Burgess.  2s.  6d.t 
235.  PRACTICAL  ORGAN  BUILDING.  By  W.  E.  Dickson, 

M.A.,  Precentor  of  Ely  Cathedral.  Illustrated.  2S.  6d.J 

262.  THE  ART  OF  BOOT  AND  SHOEMAKING.  By  John 

Bedford  Leno.  Numerous  Illustrations.  Third  Edition.  2s. 

263.  MECHANICAL  DENTISTRY : A Practical  Treatise’ on  the 

Construction  of  the  Various  Kinds  of  Artificial  Dentures,  with  Formulae, 
Tables,  Receipts,  &c.  By  Charles  Hunter.  Third  Edition.  3S.t 
270.  WOOD  ENGRAVING : A Practical  and  Easy  Introduction  to 
the  Study  of  the  Art.  By  W.  N.  Brown,  is.  6d. 


36. 


So- 

112. 

112*. 

150. 

*53- 

154. 

*57- 

*93- 

194. 


*94. 
112  & 
112* 


MISCELLANEOUS  VOLUMES. 

A DICTIONARY  OF  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY,  ARCHAE- 
OLOGY, the  FINE  ARTS,  &c.  By  John  Weale.  Sixth  Edition.  Revised 
by  Robert  Hunt,  F.R.S.  Illustrated.  5s.  limp  ; 6s.  cloth  boards. 
LABOUR  CONTRACTS.  A Popular  Handbook  on  the  Law  of 
Contracts  for  Works  and  Services.  By  David  Gibbons.  Fourth  Edition, 
Revised,  with  Appendix  of  Statutes  by  T.  F.  Uttley,  Solicitor,  3s.  6d.  cloth. 

MANUAL  OF  DOMES! IC  MEDiCINE.  By  R.  Gooding, 

B A M D.  A Family  Guide  in  all  Cases  of  Accident  and  Emergency  2s. 

MANAGEMENT  OF  HEALTH.  A Manual  ot  Home  and 

Personal  Hygiene.  By  the  Rev.  James  Baird,  B.A.  is. 

LOGIC,  Pure  and  Applied.  By  S.  H.  Emmens.  is.  6d. 
SELECTIONS  FROM  LOCKE'S  ESSAYS  ON  THE 

HUMAN  UNDERSTANDING.  With  Notes  by  S.  H.  Emmbns.  2s. 

GENERAL  Hi  A TS  TO  EMIGRANTS.  2s. 

THE  EMIGRANTS  GUIDE  TO  NATAL.  By  R.  Mann.  2s. 
HANDBOOK  OF  FiELD  FORTIFICATION.  By  Major 
W.  W.  Knollys,  F.R.G.S.  With  163  Woodcuts.  3S.t 
THE  HOLSE  MANAGER  : Being  a Guide  to  Housekeeping. 

Practical  Cookery,  Pickling  and  Preserving,  Household  Work,  Dairy 
Management,  &c.  By  An  Old  Housekeeper.  3s*  6d.$ 

HOUSE  BOOK  {The).  Comprising  I.  The  House  Manager. 
Bv  an  Old  Housekeeper.  II.  Domestic  Medicine.  By  R.  Gooding,  M*p* 
III.  Management  of  Health.  By  J.  Baird.  In  One  Vol.,  half-bound,  os. 


The  t indicates  that  these  vols.  may  be  had  strongly  bound  at  6 d.  extra. 
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EDUCATIONAL  AND  CLASSICAL  SERIES. 


HISTORY. 

1.  England,  Outlines  of  the  History  of;  more  especially  with 

reference  to  the  Origin  and  Progress  of  the  English  Constitution.  By 
William  Douglas  Hamilton,  F.S.A.,  of  Her  Majesty’s  Public  Record 
Office.  4th  Edition,  revised.  5s*  5 cloth  boards,  6s. 

5.  Greece,  Outlines  of  the  History  of ; in  connection  with  the 
Rise  of  the  Arts  and  Civilization  in  Europe.  By  W.  Douglas  Hamilton, 
of  University  College,  London,  and  Edward  Levibn,  M.A.,  of  Balliol 
College,  Oxford.  2s.  6d. ; cloth  boards,  3s.  6d. 

7.  Rome,  Outlines  of  the  History  of : from  the  Earliest  Period 

to  the  Christian  Era  and  the  Commencement  of  the  Decline  of  the  Empire. 
By  Edward  Levien,  of  Balliol  College,  Oxford.  Map,  2s.  6d. ; cl.  bds.  3s. 6d. 

9.  Chronology  of  History,  Art,  Literature,  and  Progress, 

from  the  Creation  of  the  World  to  the  Present  Time.  The  Continuation  by 
W.  D.  Hamilton,  F.S.A.  3s. ; cloth  boards,  3s.  6d. 


ENGLISH  LANGUAGE  AND  MISCELLANEOUS. 

11.  Grammar  of  the  English  Tongue,  Spoken  and  Written. 

With  an  Introduction  to  the  Study  of  Comparative  Philology.  By  Hydb 
Clarke,  D.C.L.  Fifth  Edition,  is.  6d. 

12.  Dictionary  of  the  English  Language,  as  Spoken  and 

Written.  Containing  above  100,000  Words.  By  Hyde  Clarke,  D.C.L. 
3s.  6d. ; cloth  boards,  4s.  6d. ; complete  with  the  Grammar,  cloth  bds.,  5s.  6d. 

48.  Composition  and  Punctuation,  familiarly  Explained  for 
.those  who  have  neglected  the  Study  of  Grammar.  By  Justin  Brenan. 
18th  Edition,  is.  6d. 

49.  Derivative  Spelling-Book:  Giving  the  Origin  of  Every  Word 

from  the  Greek,  Latin,  Saxon,  German,  Teutonic,  Dutch,  French,  Spanish, 
' and  other  Languages  ; with  their  present  Acceptation  and  Pronunciation. 
'By  J.  Rowbotham,  F.R.A.S.  Improved  Edition,  is.  6d. 

The  Art  of  Extempore  Speaking  : Hints  for  the  Pulpit,  the 
Senate,  and  the  Bar.  By  M.  Bautain,  Vicar-General  and  Professor  at  the 
Sorbonne.  Translatedfrom  the  French.  8th  Edition,  carefully  corrected.  2s.6d. 

53.  Places  and  Facts  in  Political  and  Physical  Geography, 

for  Candidates  in  Examinations.  By  the  Rev.  Edgar  Rand,  B.A.  is. 

54.  Analytical  Chemistry,  Qualitative  and  Quantitative,  a Course 

of.  To  which  is  prefixed,  a -Brief  Treatise  upon  Modem  Chemical  Nomencla- 
ture and  Notation.  By  Wm.  W.  Pink  and  George  E.  Webster.  2s. 


THE  SCHOOL  MANAGERS’  SERIES  OF  READING 

BOOKS, 


Edited  by  the  Rev.  A.  R.  Grant,  Rector  of  Hitcham,  and  Honorary  Canon  of  Ely; 
formerly  H.M.  Inspector  of  Schools. 

Introductory  Primer,  3 d. 


First  Standard 
Second  „ 
Third 


s.  d. 
o 6 

0 10 

1 o 


Fourth  Standard 
Fifth  * „ 

Sixth  „ 


s.  d. 
1 2 

I 6 
I 6 


Lessons  from  the  Biblb.  Part  I.  Old  Testament,  is. 

Lessons  from  the  Bible.  Part  II.  New  Testament,  to  which  is  added 
The  Geography  of  the  Bible,  for  very  young  Children.  By  Rev.  C. 
Thornton  Forster,  is.  2d.  ***  Or  the  Two  Parts  in  One  Volume.  2s. 
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FRENCH. 

24.  French  Grammar.  With  Complete  and  Concise  Rules  on  the 

Genders  of  French  Nouns.vBy  G.  L.  Strauss,  Ph.D.  is.  6d. 

25.  French-English  Dictionary.  Comprising  a large  number  of 

New  Terms  used  in  Engineering,  Mining,  &c.  By  Alfred  Elwhs.  is.  6d. 

26.  English-French  Dictionary.  By  Alfred  Elwes.  2s. 
25,26.  French  Dictionary  (as  above).  Complete,  in  One  Vol.,  3s. ; 

cloth  boards,  3s.  6d.  ***  Or  with  the  Grammar,  cloth  boards,  4s.  6d. 

47.  French  and  English  Phrase  Book  : containing  Intro- 

ductory Lessons,  with  Translations,  several  Vocabularies'of  Words  a Col- 
lection of  suitable  Phrases,  and  Easy  Familiar  Dialogues,  is.  6d. 


GERMAN. 

39.  German  Grammar.  Adapted  for  English  Students,  from 

Heyse’s  Theoretical  and  Practical  Grammar,  by  Dr.  G.  L.  Strauss,  is.  6d. 

40.  German  Reader : A Series  of  Extracts,  carefully  culled  from  the 

most  approved  Authors  of  Germany ; with  Notes,  Philological  and  Ex- 
planatory. By  G.  L.  Strauss,  Ph.D.  is. 

41-43.  German  Triglot  Dictionary.  By  N.  E.  S.  A.  Hamilton. 

In  Three  Parts.  Part  I.  German-French-English.  Part  II.  English-Ger- 
man-French. Part  III.  French-German-English.  3s.,  or  cloth  boards,  4s. 
41-43  German  Triglot  Dictionary  (as  above),  together  with  German 
39»  Grammar  (No.  39),  in’One  Volume,  cloth  boards,  5s* 


ITALIAN. 

Italian  Grammar,  arranged  in  Twenty  Lessons,  with  a Course 

of  Exercises.  By  Alfred  Elwes.  is.  6d. 

28.  Italian  Triglot  Dictionary,  wherein  the  Genders  of  all  the 

Italian  and  French  Nouns  are  carefully  noted  down.  By  Alfred  Elwes. 
Vol.  1.  Italian-English-French.  as.  6d. 

Italian  Triglot  Dictionary.  By  A.  Elwes.  Vol.  2. 

English-French-Italian.  2S.  6d.  , 

Italian  Triglot  Dictionary.  By  Alfred  Elwes.  Vol.  3. 
28,30,  Italian  Triglot  Dictionary  (as  above).  In  One  Vol.,  7s.  6d. 

32.  Clo  h boards.  


27- 


3°- 

32- 


34- 

35- 

55- 

56. 


With 


SPANISH  AND  PORTUGUESE. 

Spanish  Grammar,  in  a Simple  and  Practical  Form. 

a Course  of  Exercises.  By  Alfred  Elwes^  is.  6d. 

Spanish-English  and  English-Sparnsb  Dictiona  y. 

Including  a large  number  ol  Technical  Terms  used  in  Mining,  ' 

with  the  proper  Accents  and  the  Gender  of  every  Noun.  &> 'Alfred  Elwes 


Form. 


the  proper  Accents  anu  tuc  uouuoi  ~ — j r--  —*  . , 

4s.  ; cloth  boards,  5s.  ***  Or  with  the  Grammar,  cloth  boards,  6s. 

Portuguese  Grammar,  in  a Simple  and  Practical 

PortVguese-lnTnrh  and'TngUsh-p'ortuguese  Vlc- 

h ngtneering^  ^c.'^widi 

Bv  Alfred  Elwes.  Third  Edition,  Revised,  5*.  1 cloth  boards,  6s.  . Or 

with  the  Grammar,  cloth  boards,  js. 


HEBREW. 

46*.  the  Grammar,  cloth  hoards.  12s. _____ ■ 
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LATIN. 

19.  Latin  Grammar.  Containing  the  Inflections  and  Elementary 

Principles  of  Translation  and  Construction.  By  the  Rev.  Thomas  Goodwin, 
M.A.,  Head  Master  of  the  Greenwich  Proprietary  School,  is.  6d. 

20.  Latin-English  Dictionary.  By  the  Rev.  Thomas  Goodwin, 

M.A.  2s. 

22.  English-Latin  Dictionary;  together  with  an  Appendix  of 
French  and  Italian  Words  which  have  their  origin  from  the  Latin.  By  the 
Rev.  Thomas  Goodwin,  M.A.  is.  6d. 

20,22.  Latin  Dictionary  (as  above).  Complete  in  One  Vol.,  3s.  6d. 
cloth  boards,  4s.  6d.  *.•  Or  with  the  Grammar,  cloth  boards,  5s.  6d. 
LATIN  CLASSICS.  With  Explanatory  Notes  in  English. 

1.  Latin  Delectus.  Containing  Extracts  from  Classical  Authors, 

with  Genealogical  Vocabularies  and  Explanatory  N otes,  by  H.  Young.  is.6d: 

2.  Caesaris  Commentarii  de  Bello  Gallico.  Notes,  and  a Geographical 

Register  for  the  Use  of  Schools,  by  H.  Young.  2s. 

3.  Cornelius  Nepos.  With  Notes.  By  H.  Young,  is. 

4.  Virgilii  Maronis  Bucolica  et  Georgica.  With  Notes  on  the  Buco- 

lics by  W.  Rushton,  M.A.,  and  on  the  Georgies  by  H.  Young,  is.  6d. 

5.  Virgilii  Maronis  Atneis.  With  Notes,  Critical  and  Explanatory, 

by  H.  Young.  New  Edition,  revised  and  improved  With  copious  Addi- 
tional Notes  by  Rev.  T.  H.  L.  Leary,  D.C.L.,  formerly  Scholar  of  Brasenose 
College,  Oxford.  3s. 

5* Part  1.  Books  i. — vi.,  is.  6d. 

5**  Part  2.  Books  vii. — xii.,  2S. 

6.  Horace ; Odes,  Epode,  and  Carmen  Sseculare.  Notes  by  H. 

Young,  is.  6d. 

7.  Horace;  Satires,  Epistles,  and  Ars  Poetica.  Notes  by  W.  Brown- 

rigg  Smith,  M.A.,  F.R.G.S.  is.  6d. 

8.  Sallustii  Crispi  Catalina  et  Bellum  Jugurthinum.  Notes,  Critical 

and  Explanatory,  by  W.  M.  Donne,  B.A.,  Trin.  Coll.,  Cam.  is.  6d. 

9.  Terentii  Andria  et  Heautontimorumenos.  With  Notes,  Critical 

and  Explanatory,  by  the  Rev.  James  Davies,  M.A.  is.  6d. 

10.  Terentii  Adelphi,  Hecyra,  Phormio.  Edited,  with  Notes,  Critical 

and  Explanatory,  by  the  Rev.  James  Davies,  M.A.  2s. 

11.  Terentii  Eunuchus,  Comcedia.  Notes,  by  Rev.  J.  Davies,  M.A. 

is.  6d. 

12.  Ciceronis  Oratio  pro  Sexto  Roscio  Amerino.  Edited,  with  an 

Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  by  the  Rev. 
James  Davies,  M.A.  is.  6d. 

13.  Ciceronis  Orationes  in  Catilinam,  Verrem,  et  pro  Archia. 

With  Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  by  Rev. 
T.  H.  L.  Leary,  D.C.L.  formerly  Scholar  of  Brasenose  College,  Oxford 
is.  6d. 

14.  Ciceronis  Cato  Major,  Lselius,  Brutus,  sive  de  Senectute,  de  Ami- 

citia,  de  Claris  Oratoribus  Dialogi.  With  Notes  by  W.  Brownrigg  Smith 
M.A.,  F.R.G.S.  2s. 

16.  Livy  : History  of  Rome.  Notes  by  H.  Young  and  W.  B.  Smith, 

M.A.  Part  1.  Books  i.,  ii.,  is.  6d. 

16*. Part  2.  Books  iii.,  iv..  v.,  is.  fid. 

17-  Part  3.  Books  xxi.,xxii.,  is.  6d. 

19.  Latin  Verse  Selections,  from  Catullus,  Tibullus,  Propertius, 

and  Ovid.  Notes  by  W.  B.  Donne,  M.A.,  Trinity  College,  Cambridge.  2s. 

20.  Latin  Prose  Selections,  from  Varro,  Columella,  Vitruvius, 

Seneca,  Quintilian,  Florus,  Velleius  Paterculus,  .Valerius  Maximus  Sueto- 
nius, Apuleius,  &c.  Notes  by  W.  B.  Donne,  M.A.  2s. 

21.  Juvenalis  Satiras.  With  Prolegomena  and  Notes  by  T.  H.  S. 

Escott,  B.A.,  Lecturer  on  Logic  at  King’s  College,  London.  2s. 
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GREEK. 

14.  Greek  Grammar,  in  accordance  with  the  Princioles  and  Philo- 
logical Researches  of  the  most  eminent  Scholars  of  our  own  day.  By  Hans 
Claude  Hamilton,  is.  6d. 

15,17.  Greek  Lexicon.  Containing  all  the  Words  in  General  Use,  with 

their  Significations,  Inflections,  and  Doubtful  Quantities.  By  Hbnry  R. 
Hamilton.  Vol.  1.  Greel  -English,  2s.  6d. ; Yol.  2.  English-Greek,  2s.  Or 
the  Two  Vols.  in  One,  4s.  dd. : cloth  boards,  5s. 

14,15.  Greek  Lexicon  (as  above).  Complete,  with  the  Grammar,  in 

17.  One  Vol.,  cloth  boards,  6s. 


GREEK.  CLASSICS.  With  Explanatory  Notes  in  English. 

I.  Greek  Delectus.  Containing  Extracts  from  Classical  Authors, 

with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  H.  Young.  New 
Edition,  with  an  improved  and  enlarged  Supplemental-}’ Vocabulary,  by  John 
Hutchison,  M.A.,  of  the  High  School,  Glasgow,  is.  6d. 

2,3.  Xenophon’s  Anabasis;  or,  The  Retreat  of  the  Ten  Thousand. 
Notes  and  a Geographical  Register,  by  H.  Young.  Part  1.  Books  i.  to  iii., 
is.  Part  2.  Books  iv.  to  vii.,  is. 

4.  Lucian’s  Select  Dialogues.  The  Text  carefully  revised,  with 
Grammatical  and  Explanatory  Notes,  by  H.  Young,  is.  6d. 

5-12.  Homer,  The  Works  of.  According  to  the  Text  of  Baeumlein. 

With  Notes,  Critical  and  Explanatory,  drawn  from  the  best  and  latest 
Authorities,  with  Preliminary  Observations  and  Appendices,  by  T.  H.  L. 
Leary,  M.A.,  D.C.L. 

The  Iliad  : Part  1.  Books  i.  to  vi.,  is.6d. 

Part  2.  Books  vii.  to  xii.,  is.6d. 

The  Odyssey  : Part  1.  Books  i.  to  vi.,  is.  6d 
Part  2.  Books  vii.  to  xii.,  is.  6d, 
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Part  3.  Books  xiii.  to  xviii.,  is.  6d 
Part  4.  Books  xix.  to  xxiv.,  is.  6d. 
Part  3.  Books  xiii.  to  xviii.,  is.  6d. 
Part  4.  Books  xix.  to  xxiv.,  and 
Hymns,  2s. 

Plato’s  Dialogues : The  Apology  of  Socrates,  the  Crito,  and 
the  Phaedo.  From  the  Text  oi  C.  F.  Hermann.  Edited  with  Notes,  Critical 
and  Explanatory,  by  the  Rev.  James  Davies,  M.A.  2s. 

14-17.  Herodotus,  The  History  of,  chiefly  after  the  Text  of  Gaisford. 

With  Preliminary  Observations  and  Appendices,  and  Notes,  Critical  and 
Explanatory,  by  T.  H.  L.  Leary,  M.A.,  D.C.L. 

Part  I.  Books  i.,  ii.  (The  Clio  and  Euterpe),  2s. 

Part  2.  Books  iil.,  iv.  (The  Thalia  and  Melpomene),  2S. 

Part  3.  Books  v.-vii.  (The  Terpsichore,  Erato,  and  Polymnia),  2s. 

Part  4.  Books  viii.,  ix.  (The  Urania  and  Calliope)  and  Index,  is.  6d. 
Sophocles:  G£dipus  Tyrannus.  Notes  by  H.  Young,  is. 
Sophocles:  Antigone.  From  the  Text  of  Dindore.  Notes, 

Critical  and  Explanatory,  by  the  Rev.  John  Milner,  B.A.  as. 

Euripides : Hecuba  and  Medea.  Chiefly  from  the  Text  of  Din- 

dorf. With  Notes,  Critical  and  Explanatory,  by  W.  BrOWNRIGG  Smith, 

Euripides  : Alcestis.  Chiefly  from  the  Text  of  Dindorf.  With 

Notes,  Critical  and  Explanatory,  by'JoHN  Milner,  B.A.  is.  6d. 

^Eschylus  : Prometheus  Vinctus  : The  Prometheus  Bound.  From 
the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Explanatory, 
by  the  Rev.  James  Davies,  M.A.  is.  . 

vEschvlus  : Septem  Contra  Thebes  : The  Seven  against  Thebes. 

From  the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Ex- 

planatory,  by  the  Rev.  James  Davies  M.A  is. 

Aristophanes  : Acharmans.  Chiefly  from  the  Text  of  C.  H 

Weise.  With  Notes,  by  C.  S.  T.  Townshend,  M.A.  is.  6d. 

Thucydides : History  of  the  Peloponnesian  War.  Notes  by  H. 

X e nop hon’s  Panegyric  on  Agesilaus.  Notes  and  Intro- 

duction by  Ll.  F.  w.  Jkwitt.  is.  6d. 


18. 

20. 

23- 

26. 

3°- 

32. 

40. 

41. 

42. 


43- 


Demosthenes.  The  Oration  on  the  Crown  and  the  Philippics. 
wX£nglUh  Notes.  By  Rev.  H.  L.  Leary,  D.C.L.,  formerly  Scholar  of 
Brasenose  College,  Oxford. 
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